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Sebrell^', for instance, says “By giving doxine. Also important — patients 
glucose, you push up the metabolism receive dextrose and vitamins simul- 
and the utilization of those vitamins taneously, in one combined infusion, 
which are necessary, without replac- Physician and hospital staff are 
in^ them. As a result, the suspicion is involved in only one procedure — 
growing that much of the disability making it easier on the patient, and 
and possibly part of the mortality everyone concerned, 
following surgical operations is due *se&re//, w. h., jr., et a/.- j. Pediat. 22:494-507, apth, 1943. 
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ANNOUNCEMENT 

T he editorial board and the Publishers take pleasure 
in welcoming two new members to the Editorial Board 
of the ANNALS OF SURGERY; 

Dr. Robert M. Janes, Professor of Surgery, University 
of Toronto, Toronto, Canada. 

Dr. Henry N. Harkins, Professor of Surgery, University 
of Washington, School of Medicine, Seattle, Washington. 

Dr. Janes will represent Canadian -surgery on the Editorial 
Board, filling the vacancy created by the death of Dn Roscoe 
Graham. Dr, Harkins, who is Editor-in-Chief of the Quai’- 
terly Review of Surgery, will make an able representative 
from the Pacific coast. 

The addition of these two surgeons brings the number on 
the Editorial Board to the former figure of twelve. The Pub- 
lishers and the Editorial Board extend a hearty welcome to 
these two new members, who will help carry on the high 
standards of excellence of the annals of surgery. 

— John H. Gibbon, Jr., M.D. 
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NOTICE TO SUBSCRIBERS 


Delays in the appearance of this and other re- 
cent issues of the ANNALS OF SURGERY have 
been due to present unsettled conditions in the 
printing trades. A return to original schedules is 
expected as soon as a settlement of these difficul- 
ties is reached. 

These conditions will also involve delays in the 
production of reprints. 



1\ESULTS FOLLOWING SUBTOTAL GASTRECTOMY 
FOR DUODENAL AND GASTRIC ULCER ^ 

Fordyce B. St. John, M.D., Harold D. Harvey, M.D., Jose M. Ferrer, M.D. 

AND R. W. Sengstaken, M.D.- 

New York City 

FROM THE department OF SURGERY, COLU^tI^IA UNIVERSITY, COLLEGE OF PHYSICIANS AND SURGEONS, AND 
THE SURGICAL SERVICE OF THE PRESBYTERIAN HOSPITAL IN THE CITY OF NEW YORK 

During the decade 1936 to 1945, inclusive, 394 partial gastric resections 
were performed for peptic ulcer at the Presbyterian Hospital in New York 
City. In view of the current discussion of the relative virtues of vagus nerve 
resection and gastric resection, a review of these cases is reported at this time. 
The cases reviewed include both ward and private. They were operated on 
by all members of the general surgical staff and in about a quarter of the 
instances by the surgical residents, usually assisted by a staff member. The 
results are therefore not to be attributed to the skill of a specialist in this field 
of surgery, but are those obtained in a teaching institution. 

OPERATIVE TECHNIC 

In most instances, a Polya type of resection was done, the jejunal loop 
for anastomosis being brought up anterior to the colon more often than 
posterior. Recently, the Hofmeister procedure with a short posterior loop has 
been carried out most frequently. It has not been possible to show any 
consistent difference in the early or late results of the Polya type of resection 
whether the anterior or posterior type of anastomosis was done or whether 
the ulcer was removed, cut through or left in. In some instances when a 
duodenal ulcer was left in, the pylorus and even part of the antrum were left 
in as well, but the mucosa was removed. These cases have done as well as 
the rest. In the Polya types of resection it has seemed to make no difference 
whether the anastomosis was done isoperistaltic or antiperistaltic. It has 
been our impression that there are less immediate postoperative difficulties 
after the Hofmeister type of resection than after the Polya type, as has been 
noted in other clinics. We have not yet had an opportunity to compare the 
late postoperative results following these two procedures, but it appears that 
the Hofmeister type will do at least as well. An effort has been made in 
nearly every resection, whatever the type, to remove two-thirds or more of 
the stomach, so that this series differs from older ones which included pylo- 
rectomies. No occlusion procedures leaving in the mucosa were done, and 
no two-stage procedures. In a few instances, a jejunoplasty was tried, uniting 
the afferent and efferent jejunal loops in a manner similar to a Finney 
pyloroplasty. 

The cases subjected to resection were, in general, the ones whose symptoms 
were seyere. No standard criteria are set up in the hospital to determine when 
operation should be done, but the indications usually are either suspicion 

* Submitted for publication, January 1948. 


3 



ST. JOHN, HARVEY, FERRER AND SENGSTAICEN 


Ann.ils of Surgerv 
July. 1048 


of carcinoma or cbronicity of symptoms indicating failure of medical treatment 
to control pain, repeated hemorrhages or persistent obstruction. This report 
does not include cases which were operated on as emergencies for perforation 
or bleeding, nor does it include cases where a previous gastro-enterostomy 
was taken down at the time of the resection, although the last complication 
has added nothing to the postoperative death rate or subsequent recurrence 
of symptoms. 

METHOD OF POSTOPERATIVE ANALYSIS 

The chief value of the report lies, we believe, in the completeness of the 
record of what has happened to the patients after they have left the hospital. 
This is the result of the efficiency of the Follow-Up Clinic which has been 
administered now for thirty years by Miss Retta Pinney. For many years 
the two senior authors have spent two full and busy mornings each fortnight 

Table I . — Partial Gastrectomy for Ulcer 
Number of Cases Being Followed 

Currently followed, i.e. seen or heard from in 1945 or 1946 344 87.3% 


Died in hospital or after from any cause 37 9.4% 

Lost to follow-up 13 3.3% 


394 100.0% 

Of the lost cases all but three had been followed for at least one year. 

Of the currently followed cases about 90% had been personally interviewed in 
1945 or 1946 ; the remainder heard from by letter. 

Table II . — Partial Gastrectomy for Ulcer. Follow-up Results 


Group 

4 

271 

Number of Patients 

3 

65 


Total of Satisfactory Cases 

2 

17 

336 

1 

20 


Total of Unsatisfactory Cases.. 
Insufficient Data 


37 

Postoperative Deaths 


18 

Total 


394 

in this Clinic, interviewing and examining patients who 
operations. We estimate that over 80^ of the follow-up 

have had gastric 
records are based 


on personal interview either in this Clinic or in private practice, the remainder 
being the result of communication with patients who cannot be reached for 
interview. There is no substitute for the personal interview as a means of 
finding out what the patient’s state of health is. The status of the 394 patients 
on July 1, 1946, with a few subsequent corrections, was as shown in Table I. 

Each time a patient is seen or heard from, he is rated as to his follow-up 
status on an anatomic, symptomatic and economic basis. This report has to do 
only with the symptomatic rating. The symptoms considered are those which 
seem to be related to. his ulcer or his operation. A scale of four is 'used. A 
rating of four means no symptoms ; a rating of three means mild complaints, 
but hardty beyond the range which a well person might have. Ratings of four 
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SUBTOTAL GASTRECTOMY FOR ULCER 

Table lll.—Partial Gastrectomy for Ulcer. Unsatisfactory Cases 

1. Cases Unsatisfactory Because of Symptoms Suggesting Persistent Ulcer: 

a. Proved jejunal ulcer: 

703298 K. Perforated jejunal ulcer years after resection. 

701898 N. Jejunal ulcer 2 years after resection. Died as a result of operation on 
this ulcer. 

b. Persistent pain or bleeding. Possible jejunal ulcer : . „ , 

689322 F. Report once suggested recurrent ulcer. Not seen at follow-up since 

1942. Now reports he is symptom free. 

761845 G. Tarry stools four days with pain, 2^4 years after resection. Smoking 
too much. Roentgen-ray showed possible ulcer of efferent loop. Now 
symptom free. 

777565 D. Three episodes of bleeding in 8 years. Roentgen-ray once suggested 
a jejunal ulcer. Small resection. 

c. Bleeding, otherwise symptomless : 

813904 M. Episodes of tarry stools. No other symptoms. Source of bleeding not 
found. Roentgen-ray showed no lesion. 

d. Gastro-intestinal symptoms suggesting ulcer syndrome, but no ulcer demonstrable 

and no bleeding : 

665392 P. Generally much better than before operation. State of well-being varies 
from day to day. Nervousness, irritability, despondency, some pain and 
occasional vomiting. 

565880 S. For 5 years, fullness and gaseous distress after meals, empty feeling 
between meals, dizziness, some loss of weight. Now no digestive com- 
plaints, but lack of energy and strength. 

580765 G. Persistent vomiting immediately after leaving hospital, but last letter 
stated she felt much better. Lives in South Africa. Lost to follow-up 
at 6 months. 

749020 K. Many complaints after operation, only 2 of which were directly gastro- 
intestinal in nature. Seemed psychoneurotic. Anxious to prove poor 
health will not permit him to be deported to Central America whence 
he came. Jejuno-plastic operation. 

2. Cases Unsatisfactory Because of Effects of Operation: 

a. Late Infection or obstruction : 

680254 L. Adhesions distal to stoma causing partial ileus, not wholly relieved by 
three operations. Jejuno-plastic operation, 

561763 B. Died 6 months after resection with esophageal stricture and subphrenic 
abscess from duodenal fistula. 

242616 C. Died following second operation which was done for intussusception 

near stoma. Originally gastric ulcer. \ 

416007 W. Died following second operation done for obstruction of afferent loop. 
Originally gastric ulcer. 

603964 O. Died following second operation. Afferent loop leading to lesser curva- 
ture had become constricted behind mesentery of efferent loop, causing 
ileus, gangrene, peritonitis. 

b. Late hemorrhage: 

517123 H. Died following second operation to check a severe hemorrhage from 
superior pancreatico-duodenal vessels, 23' days after resection. 

c. Pulmonary tuberculosis, activated by operation: 

657949 W. Developed active tuberculosis while in hospital after operation. Dead 
in 6 months. Originally gastric ulcer. 

d. Spinal cord damage from spinal anesthesia ; 

703328 K. Incapacitated as result of spinal cord damage. 

3. Unsatisfactory for Miscellaneous Reasons: 

a. Digestive symptoms probably not caused by ulcer: 

820454 McM. Repeated brief episodes of abdominal pain, nausea and vorhiting. 

Has regional ileitis. 

605468 S. Chronic invalid. Psychoneurotic. Persistent malnutrition. Roentgen-ray 
showed no lesion except slow emptying of gastric pouch, after operation, 

502188 B. Svmntoms of intestinal obstruction on two occasions after operation. 

Hard to say whether ulcer recurrence played a part. Jejunoplastic 
operation. 

740173 K. Persistent epigastric symptoms. No explanation found by roentgen-ray. 

No ulcer found at operation. Symptoms after operation similar to those 
before, but less frequent, and no bleeding. 
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Table III (Continued) 

b. Bleeding shortly after operation, then satisfactory ; 

559888 P. Bled shortly after operation. Now over two years symptom free. 

547353 G. Hematemesis one month after operation. No subsequent bleeding for 
three years. 

c. Unsatisfactory after operation; now symptom free but follow-up is short: 

786292 D. Occasional vomiting while smoking heavily four months after operation. 

Symptom free since, for one year. 

767851 S. Unsatisfactory first 6 months. Too early to rate finally. No symptoms 
now. Duodenal and gastric ulcer. 

d. Secondary operation needed. Symptom free thereafter: 

593806 H. Division of peritoneal bands nearly five years after operation. 

568974 B. Entero-enterostomy necessary for dilated gastric loop. Five years 
since, symptom free. Originally gastric ulcer. 

660994 L. Division of adhesions two years after operation. 

567938 M. Efferent loop blocked by adhesions, requiring second operation. 

620990 R. Adhesions remote from original operation in left lower quadrant. 
Originally gastric ulcer. 

675259 A. Entero-enterostomy six weeks after operation. 

675436 E. Wound infection, septicemia, abscess of kidney. Hemolytic staphylo- 
coccus aureus, requiring two hospitalizations with operation. No im- 
portant gastric symptoms. 

741120 S. Postoperative hernia requiring repair. 

423620 E. Infected sinuses in wound requiring two operations. 

e. Secondary operation needed. Short follow-up : 

791509 M. Two operations for intestinal kinks and a new anastomosis made at a 
third. Too soon to appraise final results. 

f. Gastric carcinoma, perhaps present at operation for ulcer above site of resection : 

481379 C. Bleeding continued after operation, beginning less than one year after 

resection. Carcinoma of fundus resected three years after resection for 
ulcer. Died. 

and three are considered satisfactory. Two and one indicate unsatisfactory 
ratings. In the great majority of instances there is no difficulty in giving a 
rating. At times questions arise, particularl)’^ in neurotic patients, of whether 
complaints are severe enough to warrant an unsatisfactory rating or whether 
or not they are related to the ulcer syndrome or to the operation. The effects 
of worry, tension and indiscretions in eating and drinking present themselves 
at times for consideration. It is easy, for instance, to say that a patient crippled 
with arthritis is still satisfactory from the standpoint of ulcer therap3% but 
conditions such as ileitis or diverticulitis or psychoneurosis may give rise to 
confusion. In such cases, one can only use one’s best and honest judgment, 
recalling that the object of the rating system is to find out the truth and not to 
promote or condemn any form of therapy which has been emplo3^ed. 

This method of rating leads to some incongruous results. Several patients 
who say the}’- are much • improved since the operation are nevertheless rated 
as unsatisfactory. On the other hand, a few patients have been called satis- 
factory in spite of the fact that they may vomit at times or cannot gain as 
much weight as the)’- want. It is our experience that the group who do not at 
first gain weight may gain after a year or two, although some patients never 
do but are well and working. Especially during the first year, patients may 
vomit from overloading their stomachs with meals which would not disturb 
a normal person. Unless this symptom were pronounced we would not consider 
that it rendered them unsatisfactory but would place them in Group 3 . There 
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are a few people who complain of sweating and weakness after eating, the 
so-called “dumping syndrome,” but, if these symptoms are not severe, they 
are similarly regarded. This is an interesting phenomenon, as yet unexplained. 

Table IV.— Partial Gastrectomy for Ulcer. Postoperative Complications 

No complications 

Pneumonia p2 

Atelectasis ^2 

Pulmonary embolus 4 

Pulmonary infarct S 

Spasm or obstruction of efferent loop 12 

Spasm or obstruction of afferent loop 2 

Excessive vomiting 32 

Slow gastric emptying 3 

Biliary fistula 24 

Pancreatic fistula 2 

Gastrointestinal hemorrhage 9 

Hemorrhage from other source 3 

Diarrhea 11 

Severe amigen reactions 8 

Other infusion reaetions 3 

Shock 2 

Wound infection 14 

Infection of drainage tract 8 

Disruption S 

Urinary retention IS 

Headache 4 

Meningismus 2 

Unexplained fever • 12 

Phlebitis 5 

Auricular fibrillation 3 

Distension 5 

Parotitis 4 

Pancreatitis 4 

Jaundice 3 

Cerebral accident 2 

Cardiac failure ] 

Coronary occlusion • 1 

Paroxysmal tachycardia 1 

Other tachycardia, unexplained 1 

Psychosis 1 

Convulsion • 1 ' 

Transfusion reaction with uremia 1 

Asphyxia (blood in trachea) 1 

Upper respiratory infection 3 

Pelvic abscess 1 

Gangrene of colon 1 

Gangrene of jejunum 1 

Massive pulmonary collapse 1 

Massive pleural effusion 1 

Acute pulmonary TBC 1 

Note: Incidence of acute diffuse peritonitis and peritoneal abscess difficult 
to determine. 

POSTOPERATIVE RESULTS 

Over the years^ as the follow-up visits multiply, a record emerges of the 
patient’s state of well-being since the operation. In Table II is given a summary 
of the results. In this Table the patients are grouped according to the lowest 
rating to which they fell during their follow-up course, with the exception 
that ratings during the first postoperative year, while the patient is becoming 
adjusted to his new digestive mechanism, are sometimes disregarded. To 
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achieve a Group 4 rating a patient must never have fallen below a four after 
his first year; a single drop to Group 3 or Group 2, for instance, would place 
him in that lower group. 


Table V. — Partial Gastrectomy for Ulcer. Postoperative Deaths 




Carcinoma 

Day 



Chart No. 

Age 

Suspect 

Post-op 

Autopsy 

Apparent Causes of Death 

369171 

60 

No 

4 

Yes 

Pneumonia. 

4440SS 

60 

No 

8 

No 

Pneumonia. Leaking duodenal stump. 
Peritonitis. 

564823 

58 

No 

6 

Yes 

Gangrene of jejunum following occlusion 
of superior mesenteric artery due to 
arteriosclerosis of aorta. 

588457 

48 

Yes 

5 

Yes 

Gangrene of transverse colon. 

557952 

60 

Yes 

1 

Yes 

Massive collapse of lungs. Had Stokes- 
Adams syndrome. 

544719 

62 

Yes 

7 

No 

Atelectasis, auricular fibrillation, pulmo- 
nary embolus. 

645412 

30 

No 

7 

No 

Bile peritonitis, probably from leaking 
duodenal stump. 

630929 

63 

Yes 

11 

No 

Cerebral vascular accident. 

699731 

61 

Yes 

12 

Yes 

Disorientation, pneumonia, incontinence, 
decubiti, hypoproteinemia, coma, heart 
failure, subhepatic abscess from leak- 
ing duodenal stump. 

728277 

SO 

No 

17 

Yes 

Pneumonia, leaking duodenal stump with 
abscess, severe distention (not mechan- 
ical), diffuse peritonitis, pancreatic fat 
necrosis, hiccough, jaundice. Irrational. 

601089 

SO 

No 

16 

No 

Pulmonary embolus. 

733712 

64 

No 

11 

Yes 

Transfusion effect probably. Uremia, 
jaundice, hiccough, pneumonia. 

7S2813 

65 

Yes 

2 

No 

Long operation. Shock, coronary occlu- 
sion. , 

. 751735 

43 

Poss. 

8 

No 

Bronchopneumonia, distention, disruption 
with evisceration, inhaled vomitus dur- 
ing closure of disruption, fatal pneu- 
monia. 

772174 

52 

Yes 

6 

Yes 

Hypertensive 220/120. Mild heart fail- 
ure. Biliary fistula. Cause of death 
uncertain. 

783912 

49 

No 

30 

No 

Pneumonia, delirium, subhepatic abscess 
from leaking duodenal stump, hemor- 
rhage into abscess, jejunostomy feed- 
ings. 

797516 

73 

Yes 

5 

Yes 

Pulmonary embolus, infarct of lung, 
pneumonia. Thrombus in right femoral 
vein. 

801055 

48 

No 

44 

No 

Spinal anesthesia. Acute meningitis be- 
ginning I3th day after operation. 


As appears in Table II, by our standards 336 patients have never been 
unsatisfactory since their operation. This number is '85% of all the patients 
who underwent resection, or 90% of all the patients followed (disregarding 
the postoperative deaths and the three not followed). An encouraging fact 
is that no case which went for five years without becoming' unsatisfactory 
thereafter fell into an unsatisfactory group. This is in striking contrast to 
the record following posterior gastro-enterostomy, in which each year brought 
new failures. In this series, 99 persons were followed for five years, of whom 
12% became unsatisfactory, while of the larger number followed for less 
than five years, 9% became unsatisfactory. The difference is not significant. 
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ANALYSIS OF UNSATISFACTORY CASES 

Of the cases rated as unsatisfactory in Table II, some should not be so 
regarded without qualification. Two groups stand out as cleaily unsatisfactory, 
viz., those who had symptoms suggesting persistent ulcer and those who had 
uncorrected harmful effects from the operation. The remainder of the cases 
called unsatisfactory are so rated because they have to be differentiated from 
the group that was consistently satisfactory, but they cannot be said to have 
been treated unsuccessfull}'^ from the standpoint of their ulcers. Table III 
elaborates these statements. 

Table III contains several facts of interest. It shows that the incidence of 
proven jejunal or marginal ulcer has been two out of 373 cases that survived 
operation and were followed. In three others, jejunal ulcer may have occurred. 
In no other case has its presence been seriously suspected. The incidence has 
been, therefore, somewhere between 0.5% and 1.4%. The number of patients 
whose symptoms suggested persistent ulcer syndrome is 10, about 2.7%. There 
were eight whose difficulties stemmed from the operation or the anesthesia, 
of whom six died. These will be mentioned later when the postoperative 
deaths are discussed. There are four who have digestive complaints which do 

Table VI . — Partial Gastrectomy for Ulcer. Chief Causes of Postoperative Deaths 
The causes of death often were multiple, but the apparent chief causes can be grouped 


as follows; 

Duodenal stump complications 4 

Pneumonia 3 

Pulmonary emboli 3 

Massive collapse of lung 1 

Transfusion effect 1 

Gangrene of transverse colon 1 

Thrombosis of superior mesenteric artery 1 

Cerebral accident 1 

Coronary occlusion 1 

Meningitis 1 

Uncertain 1 


Duodenal stump complications were a secondary cause of death in 2 of the above cases ; 
pneumonia of serious degree in 3. 

not seem to be a continuation of the ulcer syndrome, 14. who had transient 
difficulties not apparently due to ulcer, and one who died of gastric carcinoma 
which might have been present at operation. It is a matter of opinion how 
to consider the last-named groups, which total 19, when appraising the success 
of the operation as a means of treating ulcer. It may be leaning over backwards 
to rate them as unsatisfactory. Another interesting fact which does not show 
in the table is that every case that had persistent digestive symptoms after 
operation had a duodenal ulcer before ; no gastric ulcer gave symptoms after 
operation except such as could be attributed to the operation itself. The 
patients listed in the table had duodenal ulcers unless otherwise recorded. 

POSTOPERATIVE COMPLICATIONS IN HOSPITAL 
Table IV gives the incidence of postoperative complications that occurred 
while the patients were in the hospital, as they are recorded on the charts. 
The list is probably not wholly accurate but gives an approximate picture of 
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the important difficulties. The recorded incidence of atelectasis is jJiobably 
far too low. The cases grouped under this heading are those with signs of 
atelectasis but with clinically minimal accompanying pneumonia. Most of the 
pneumonias we believe started with atelectasis but this does not appear in the 
table. One hundred sixty-one patients got well without complications. Ibc 
pulmonary complications were the most frequent. Next came persistent vomit- 
ing, which in some instances was attributable to spasm or obstruction of the 
efferent jejunal loop. The high incidence of biliary fistulae may be due to 
the fact that in most of the cases a drain was placed down to the region of the 
duodenal stump. We adopted the practice of draining the region of the duo- 
denal stump because we had found that in the previous decade the chief cause 
of our postoperative fatalities had been leakage from the stump. Drainage 
has not fully solved the problem. In spite of drainage, there have been 
fatalities due chiefly to duodenal stump leakage, although the deaths from this 
cause have been fewer in number since drainage was adopted. Certainly the 
bile fistulae have occurred too frequently but most of them have been little 
more than an annoyance and, in patients who survived, all have healed spon- 
taneously, usually within two weeks. It may be that with the Hofmeister 
t3'pe of procedure there will be fewer cases of back pressure in the duodenum, 
which we have believed to be one of the causes of fistulae developing in the past. 
It may be possible also to learn to recognize which stumps are insecurely 
closed and should therefore be drained in a manner that can take care of 
anticipated profuse leakage. We realize that there are clinics whose recorded 
death rate is lower than ours, in which drainage is rarely employed. 

POSTOPERATIVE DEATHS 

The list of postoperative deaths is set forth in Table V. The first item of 
note is the age of the patients that died. Of the 18 deaths, 16 occurred in 
patients over age 45, and 13 in patients over age 50. The postoperative mor- 
tality among patients under age 45 was about 1% ; over this age it was 7.6%. 
These figures emphasize the safety of the operation in the relatively young and 
the need for caution and careful study before recommending resection in 
people of more advanced j^ears. One hundred and eighty-four patients age 45 
and under were operated on, and 210 over age 45. One reason why so many 
people over age 45 were operated on was the fear that the gastric lesion 
might be carcinoma. This brings up the question of how useful resection of 
the vagus nerves would be as a substitute for resection in treating these older 
patients. Certainly the abdominal approach would be necessary but, even with 
this, the surgeon, as we have come to know well, often cannot distinguish 
between benign and malignant ulcers at the time of operation. Even quick 
frozen section in this field is unreliable. In each instance of gastric or pyloric 
ulcer which the surgeon thinks benign, he must choose between exposing his 
patient to tlie higher operative risk which accompanies resection or the higher 
risk of leaving in malignant disease which accompanies vagus nerve resection. 
It is our opinion that progress can be made in cutting down the postoperative 
death rate after resection but that little progress can be made in recognizing 
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early carcinoma in the gross, and we therefore favor a policy of resection for 
these cases unless clearly contraindicated. This point is well exemplified by 
an increasing number of cases (some 33 or more) of superficial spreading 
carcinoma of the stomach observed by us and described by Dr. A. P. Stout 
of the Surgical Pathology Laboratory, in which the mucous- membrane and 
submucosa are involved alone, and also by the not inconsiderable number of 
cases with carcinoma in a limited area of an otherwise microscopically benign 


ulcer. 


Table VII . — Partial Gastrectomy for Ulcer. Cases Done Prior to 1936 


I. Operations in Decade 1926-1935 ; 

A. Followed 10 to 20 Years (Average 13 Years) 

Present Follow-Up Status: 

Still currently followed 25 

Dead, not of ulcer 4 

Lost 3 

Follow-Up Result: 

Satisfactory 26 

Unsatisfactory 6 

B. Followed Less Than 10 Years (Average 5 Years) 

Present Follow-Up Status: 

Dead, not of ulcer 6 

Dead, of ulcer 1 

Lost 10 

Follow-Up Result: 

Satisfactory 13 

Unsatisfactory 3 

No record 1 

C. Postoperative Deaths (12%) 

TOTAL OPERATIONS 1926 - 1935 


11. Operations in Decade 1916 - 1925: 

A. Followed 10 to 27 Years (Average 20 Years) 

Present Follow-Up Status: 

Still currentl 3 ' followed 14 

Dead, not of ulcer... 8 

Lost 3 

Follow-Up Result: 

Satisfactory 21 

Unsatisfactor\- 4 

B. Followed Less Than 10 Years (Average 3.5 Years) 

Present Follow-Up Status: 

Dead, not of ulcer 5 

Dead, cause unknown 1 

Lost 13 

Follow-Up Result: 

Satisfactory 10 

Unsatisfactory 4 

No record 5 

C. Postoperative Deaths (20%) 


32 Cases 


17 Cases 


6 Cases 

55 

25 Cases 


19 Cases 


9 Cases 


TOTAL OPERATIONS 1916 - 1925 — S3 

The causes of postoperative deatlis were .often multiple, but the apparent 
chief causes can be grouped as in Table VI. We are reasonably sure of the 
accuracy of this table as autopsies were obtained in nine of the 18 fatalities. 
Among those not autopsied the causes of death were in most instances clear, 
viz., two pulmonary emboli, one cerebral vascular accident, one coronary 
occlusion, one aspiration pneumonia, one meningitis. The other three cases 
not subjected to autopsy had leakage of the duodenal stump which was ob- 
viously the main cause of death. 
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It is to be noted that in this series there was no death resulting from 
hemorrhage during the immediate postoperative period or from leakage at the 
suture line at the anastomosis or from obstruction about the stoma. The 
chief objectives of our efforts to lower the postoperative death rate in the future 
will be : first, more intensive study of patients over age 50 and their indications 
and contraindications for radical surgery; second, attempts to lower the inci- 
dence of leakage of the duodenal stump (and, in this regard, we believe that the 
simple Hofmeister post-colic procedure will eliminate, to a considerable degree, 
the back pressure occurring at times with the anterior types of anastomoses) ; 
third, attempts to lower the incidence of pulmonary complications. 

The postoperative death rate was 4.6% (18 died in the hospital). To these 
must be added seven others who died after leaving the hospital as a result of 
failure of the operation. These cases are included among the unsatisfactory 
ones listed in Table III. They are as follows: one with proved jejunal ulcer; 
four with late infection or obstruction; one with severe bleeding from the 
pancreatico-duodenal vessels; one with pulmonary tuberculosis re-activated 
by the operation. The patient who died with gastric carcinoma is not included 
in this list. These bring the operation death rate to 6.4%, if all the patients 
are included who died of their ulcer or the effects of operation, in the hospital 
or after they had gone home. 

PATIENTS FOLLOWED OVER TEN YEARS 

In Table VII are given summaries of the resections done for ulcer prior 
to 1936. Because of the relatively high mortality in those )'ears, the operation 
was usually done only as a last resort in treatment. In the decade 1916 to 
1925, wide resection of the stomach was not done for ulcer. These operations 
were little more than pylorectomies. During the following decade, 1926 to 
1935, more extensive resections were beginning to be done, but rarely as wide 
as has been standard during the past 10 years. For this reason it is not possible 
to compare the follow-up results of the three decades with each other. The 
chief interest in these old cases lies in the number of them who have been 
followed for 10 years or more. 

In’ the decade 1926 to 1935 there were 55 cases, of whom 40 remained 
satisfactory, which is 73% of the 55 cases and 83% of the followed cases, 
omitting the postoperative deaths and one case that was not followed. Of these 
40, 27 were followed for 10 to 20 years. None of the cases that remained 
satisfactory for five 3fears thereafter became unsatisfactory. 

In the decade 1916 to 1925, when pylorectomies were being done, there 
were 53 cases, of whom 31 remained satisfactory, which is 59% of the 53 
cases and 80% of all the followed cases. Of the 31, 21 were followed for 10 
to 27 years. 

In the two decades 1916 to 1935, 15 cases have been followed for 20 or 
more years and 48 for 10 years or more. Among the cases of the earliest 
decade are three who became unsatisfactory for the first time after more than 
five satisfactory years. They are the only ones in our records that did this. 
They all had what we should now consider inadequate resection and do not 
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vitiate tlie rule that in carefully followed cases, primary recurrences are rarely 
found after five good postoperative years where theie has been adecjuate 

.resection. comment 

The above record of the experience of a general surgical service with sub- 
total gastrectomy for' peptic ulcer may help to resolve some of the controversy 
concerning the form of therapy which should be adopted for these lesions. 
Certain aspects of this record seem to us to be especially important. These are : 

1 ) The high percentage of excellent results which have followed this operation. 
Very few of the cases called satisfactory are restricted in their diets, most of 
them smoke, and many indulge in alcohol. Their life and occupation are not 
interrupted by recurrence of ulcer symptoms. They are the antithesis of 
“gastric cripples.” Few among them have digestive complaints beyond the 
range of normal man. There is reason to believe that recurrences among this 
group in the future will be infrequent because none among them who has 
gone five years without recurrence later developed symptoms. 

2) For people under age 45, resection is a relatively safe procedure, the 
hospital postoperative mortality in our hands being about \^o. 

In view or 1) and 2) and the absence as yet of any studies based on long 
follow-ups in cases in which vagus resection has been performed, we lack the 
evidence to justify us in advising our younger ulcer patients to have vagus 
section performed. We are waiting with keen interest to see the reports of 
five and ten year results of this experimental procedure. For patients under 45 
or 50 years of age, we see little reason for withholding resection. Some 
patients in this age group, of course, will provide exceptions to those general 
statements. 

3) For patients of the older age group the problem of therapy becomes 
more complicated. We do not attribute any particular importance to age 45 
but about that time the fear of carcinoma comes more frequently into the 
picture and postoperative troubles multiply. Among this group, patients who 
have lesions of the stomach which, after careful study, are not free of suspicion 
of being carcinoma, should as a rule be subjected to resection. In individual 
cases this rule can be modified depending upon how strong the evidence for 
carcinoma is and the patient’s apparent ability to stand the operation. 

It is most difficult to dictate the form of therapy that should be used in 
people of the older age group whose ulcer is in the duodenum and in whom 
carcinoma is almost surely absent. If these people bleed, their risk of death 
is relatively higher than in the younger age group. If their symptoms .are 
intractable under a medical regimen, as they often are, one must consider 
either a different form of medical therapy or surgery. - If surgery is decided 
upon, the low mortality of vagus nerve section is appealing, provided it is 
found that it arrests symptoms for long periods, which as yet there has been 
insufficient time to show. 

4) Whereas psychic factors undoubtedly play an important role in relation 
to ulcers, they have not interfered seriously in many cases in this series with 
the benefits of surgery. Some of the unsatisfactory cases seem to have an 
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organic basis for their complaints. On the other hand, not a few patients who 
gave the impression of being psychoneurotic before operation lost this charac- 
teristic after being free of their pain or bleeding. If a patient under 45 has a 
demonstrable, intractable ulcer, it may be well to relieve him of his organic 
cause of distress, even if doing so does not wholly free him from functional 
defects. In these cases especially, is the wise physician most needed. 

5) The decade covered by this report includes the war years when the 
staff of attending surgeons, resident surgeons, anesthetists and nurses were 
not as complete as it now is. The current postoperative mortality and morbidity 
during 1946 and 1947 have shown improvement over those of previous years 
here reported. 

6) It is interesting to note the steady improvement in postoperative mor- 
tality in a teaching institution during the past thirty years. In the decade 1916- 
1925 the rate was 20% ; in the decade 1926- 1935 the rate was 12% ; in the 
decade 1936-1945 the rate was 4.6%; in the two j'ears 1946, 1947, the 
rate was 2.5%. 
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THE PROBLEM OF PEPTIC ULCER 
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Mann and William in 1923 demonstrated, in dogs, that after an opera- 
tion short-circuiting the alkaline duodenal contents, hile and pancreatic juice 
into the lower small howel, a- marginal jejunal ulcer forms at the gastrojeju- 
nostomy site, due to the action of unneutralized gastric juice. This operation, 
consisted of transecting the duodenum at its proximal and distal ends, leaving 
the bile and pancreatic ducts attached in normal position to the duodenum. 
The proximal end of the duodenum was closed and the distal end was anas- 
tomosed to the side of the lower ileum. The open end of the jejunum was then 
sutured to the pylorus. (Fig. 1). Fourteen dogs out of a group of 16 thus 
treated and followed over a period of time developed typical peptic ulcers in 
the jejunum adjacent to the site of the anastomosis with the stomach. Repeti- 
tion of this experiment by others has consistently confirmed the results. 

In another series of experiments the bile and pancreatic ducts were trans- 
planted to the lower ileum. The majority of animals so treated developed 
ulcers in the duodenum. Peptic ulcers likewise form in the intestine distal to 
the pylorus in dogs in which the bile and pancreatic ducts are transplanted 
into the ileum and in addition the duodenum is resected. On the other hand 
those dogs in which the duodenum was resected and the bile and pancreatic 
ducts were implanted into the jejunum at about the same distance from the 
pylorus as they were originally, remained in good condition for long periods. 

ExaltO" in 1911 and Matthews and Dragstedt^ in 1932 in similar experi- 
ments demonstrated the importance of neutralizing duodenal content in the 
prevention of peptic ulcer. 

Peptic ulcers may form in like manner in man following pancreatoduoden- 
ectomy in which the bile duct is anastomosed to the jejunum distal to the 
gastroenterostomy, and the pancreatic duct, in case of subtotal pancreatectomy, 
is ligated. One of these procedures was done in each of the following cases. 

A man of 59 years was operated upon for suspected carcinoma of the pan- 
creas. At operation the pancreas was hard except for two large cystic areas. 
It was impossible to determine whether this was carcinoma or pancreatitis 
or both ; therefore, because of the severity of symptoms, total resection of the 
pancreas was carried out. Pathologic study revealed a severe chronic pancre- 
atitis with an intraductile papilloma obstructing the main pancreatic duct near 
the ampulla of Vater. The patient made a very satisfactory postoperative re- 
covery except for the development of a postoperative hernia in one portion 
of the wound. 

In restoring the bowel continuity, a proximal anterior gastrojejunostomy 
and a distal cholecystenterostom)'- were made. An enteroenterostomy was made 

* Submitted for publication, November, 1947. 
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between the two previous anastomoses (Fig. 2). The patient was well until 
four months after operation when he was prostrated by sudden severe ab- 
dominal pain which came on without warning while he was at work hanging 
a new window in his home. When seen 24 hours after the onset of symptoms 
the patient was moribund. Exploration revealed a two centimeter sized perfora- 
tion of the anterior wall of the jejunum at the site of the gastrojejunostomy. 
The perforation was closed but the patient died of peritonitis in spite of in- 
tensive supportive therapy. Autopsy revealed the surgically closed ulcer and 
another superficial ulcer adjacent to it at the line of junction of the jejunum 
and stomach. The entero-anastomosis designed to protect the biliary system 
from gastric and intestinal content had diverted the bile from the gastro- 
enterostomy stoma leaving the jejunal mucosa to the direct action of un- 
neutralized gastric juice. 



Fig. 1 . — Mann-Williamson procedure carried out in first group of animals. 

A second man died of carcinomatosis six weeks after resection of the head 
and neck of the pancreas and at autopsy a benign ulcer with a sinus was 
found on the lesser curvature of the stomach. The reconstruction in this case 
consisted of a proximal posterior gastrojejunostomy, distal choledochojeju- 
nostomy and intermediate jejuno-jejunostomy. The transected stump of pan- 
creas was ligated. There was failure of neutralization of gastric juice because 
of diversion of the bile and the absence of pancreatic juice. 

The third patient had a resection of the head and neck of the pancreas for 
carcinoma of the head of the pancreas. A proximal gastroenterostomy, a distal 
cholecystenterostomy and choledochoenterostomy and an intermediate entero- 
enterostomy were performed. Closure of the pancreatic ducts was effected by 
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ligation and suture of the transected end of the pancreas. The patient made a 
satisfactory recovery from operation but returned a montli later complaining 
of recurrent epigastric pain coming on about two or tliree hours after meals. 
Roentgen-ray examination of the upper gastro-intestinal tract failed to reveal 
any evidence of ulcer in the gastroenterostomy stoma, but there was a pei- 
sistent collection of barium present along the lesser curvature of the stomach 
which was suspicious, but not a t 3 ^pical ulcer pattern. However, this patient 
responded well to a modified ulcer diet with the addition of magnesium and 
calcium carbonate powders. He has remained asymptomatic on a modified 
ulcer diet. The type of reconstruction in this instance resembled that employed 
in the other cases. 

The methods of reconstructing the intestinal tract following the resection 
of the duodenum and pancreas are so numerous and varied that no attempt 
will be made to enumerate them. Many of these repairs tend to deprive the 
patient of the maximum neutralizing effect of the bile, pancreatic juice and 
duodenal secretions. So much attention has been paid to protecting the biliary 
passages against the reflux of intestinal content that the problem of protecting 
the gastroenterostomy has been largel)' ovelooked. The importance of im- 
planting the pancreatic duct into the jejunum in case of partial pancreatectomy 
can be appreciated when one considers the strongle alkaline reaction of pan- 
creatic juice. 

The plan of repair published by Hunt^ in 1941 has the advantage of afford- 
ing the maximum protection to the gastroenterostomy stoma and at the same 
time reducing to a minimum the reflux of gastric and intestinal content into 
the bile ducts. Hunt (Fig. 3) anastomosed the pancreatic duct with the 
proximal end of the jejunum and implanted the common duct into the jejunum 
just distal to the pancreatodochojejunostomy. (Fig. 3). Somewhat farther 
distal was performed the gastroenterostomy. In this patient all of the bile and 
pancreatic juice passed the gastrojejunostomy site and maximum utilization of 
the neutralizing effect of these juices was obtained where it was most needed. 
Whipple^ in 1943 and Child*’ and PotlF in 1944 have used methods similar 
to that described by Hunt. Child and Poth each removed the antrum of the 
stomach and made a Pol 3 'a type of anastomosis. This avoided the blind pouch 
of stomach left by Hunt and Whipple and slightl 3 ' reduced the acid secreting 
area of the stomach. The long jejunal loop made by Poth and Child affords 
protection to the biliary tree from reflux of gastric content. Waugh and 
Priestly have recently demonstrated a similar repair. Other methods of recon- 
struction fail to take full advantage of the protective action of bile and pan- 
creatic juice. 

Depriving the body of duodenal secretions by the resection of the duo- 
denum reduces the neutralizing power of the alkaline secretions of the gastro- 
intestinal tract. Undoubtedly this is a factor of less importance in cases of 
carcinoma of the pancreas than in benign lesions of the pancreas, for the 
gastric acidity tends to be reduced in those patients with carcinoma. -However, 
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reconstruction after total or subtotal pancreatoduodenectomy in man should 
be done in such a manner as to neutralize the gastric juice as fully as possible. 
The ideal reconstruction operation consists of a choledochojej unostomy and, 
when a portion of the pancreas remains, a pancreatodochojejunostomy, both 
performed proximal to the gastrojejunostomy. 

Pearse'^ has recently suggested standardizing the reconstruction following 
pancreatoduodenectomy. He considers the principles of repair to he : 

1. The use of retrocolic end to side gastrojejunostomy. 

2. The implantation of the common bile duct into the intestine. 

3. The reconnection of the pancreas with the intestine. 

4. The diversion of the gastro-intestinal contents away from the liver 
and pancreas b)^ antiperistalsis. 

We are in accord with his principles, but emphasize the fact that all bile 
and pancreatic juice should pass the gastrojejunostomy stoma. 

The use of vagotomy in this operation to prevent the formation of ulcer 
has been considered. There are several objections. First, we feel that the 
basic repair, if properly done, should not require the added procedure of 
vagotomy. Second, experimental work done by Dragstedt and co-workers® 
with Mann-Williamson type of dogs reveals that vagotomy protects these 
dogs only slightly against the formation of ulcers. (46% of dogs with va- 
gotomy developed ulcers, whereas 63% of dogs without vagotomy developed 
ulcers). Thus we feel that vagotomy is not indicated as an adjunct to pan- 
creatoduodenectomy which in itself is a formidable operation. 

SUMMARY 

1. The importance of the neutralizing effect of bile and pancreatic juice 
in the prevention of peptic ulcer is emphasized. 

2. The development of peptic ulcers following improper reconstruction 
of the gastro-intestinal tract after pancreatoduodenectomy is cited. Three 
cases are reported. 

3. Recommendations are made for methods of repair after pancreatoduo- 
denectomy which make the' greatest use of bile and prancreatic juice in the 
neutralization of acid gastric juice. 

4. Vagotomy is not a substitute for the proper type of reconstructive 
procedure. 
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EXPERIMENTAL REPAIR OF COMMON DUCT DEFECTS UTILIZING 
' A FREE VEIN GRAFT OVER BLAKEMORE-LORD TUBES * 

Patrick C. Shea, Jr., M.D. 

Atlanta, Ga. 

AND 

Charles A. Hubay, M.D. 

Cleveland, Ohio 

FROM THE department OF SURGICAL RESEARCH, WESTERN RESERVE UNIVERSITY, CLEVELAND, OHIO 

The repair of common duct defects and the treatment of stenosis of 
the common bile duct is an imposing surgical problem. Witness to this is 
the multitude of operative procedures which are employed today. Treatment 
of common duct stenosis is difficult in itself, becoming increasingly so when 
a defect of the duct must be bridged. Proportionally, the longer the defect 
which is present, the greater the difficulty in repair. 

ElioP in 1936 reviewed the various basic methods of repair of cicatrical 
strictures of the bile ducts which were in use from 1900 on. Many of the 
methods he discussed are still widely in use today. Two recent developments 
have contributed a substantial share of success in the treatment of these lesions. 
Pearse^’ ^ developed a vitallium tube for insertion in duct strictures to maintain 
patency. This method has been quite commonly used since his original pub- 
lication in 1942. Cole et aP favor the modified hepaticojejunostomy with 
employment of the Roux loop and baffling of the intestinal wall, especially when 
a defect is present in the common duct. Pearse^> ® in a report of 106 collected 
cases in which the vitallium tubes were used, makes note of the fact that each 
case in which the tube was used to bridge a gap in the duct resulted in failure. 
There were seven patients in the series in which this occurred. Pearse also 
states that the most desirable result is obtained only when and end-to-end 
anastomosis of the duct stumps can be carried out over a vitallium tube and 
the tube is left in situ indefinitely. Bettman,'^ Neibling and Walters,^^ and 
CattelP^ have shown that biliary obstruction occasionally recurred with the 
use of the vitallium tube when it became plugged with deposit (bile encrusta- 
tion), similar to that which occurred in rubber tubes which have been used 
for the same purpose. 

Horsley, in discussing papers by ElioP and Allen,® states that one of the 
earliest attempts in this country to reconstruct the common bile duct was 
performed by Sullivan in 1900 when he inserted a rubber tube into the hepatic 
duct and carried it into the duodenum. The indwelling tube was then sur- 
rounded with fat and neighboring tissue. Horsley, in 1918, inverted a segment 
of vein and sutured it into a defect which was made by resecting a portion 
of the common duct in dogs. He pointed out that the operation was successful 
from a technical standpoint, but after a few months the vein, being unaccus- 
tomed to irritation by bile, contracted and became completely obstructed. 

* Submitted for publication, January 1948. 
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Dean Lewis, cited by Eliot, ^ related that experimental substitution of the 
wall of a vein, or other fascial structure, for the excised segment of duct 
invariably terminated in failure, and furthermore, that all plastic operations 
in which portions of adjacent hollow viscera were utilized for a similar 
purpose were unsuccessful and had been discontinued. 
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Eig. 1. — ^Experimental repair of defect of common duct in dogs, utilizing free vein graft 
and Vitallium tubes. Insert shows technic of implantation of vein graft in common duct 

Despite such adverse reports, however. Lord and Clienowetli** repotted 
moderate success with the use of fascial and venous grafts over rigid vitallium 
tubes in the repair of common duct defects. In their expeiiments the fascial 
grafts proved most successful. They observed tliat the venous grafts developed 
a lining of biliary epitlielium over the intima. Marked slirinkage m the length 
of their grafts occurred, however, and when the animals were sacrificed it was 
observed that none of the grafts was more than 3 mm. in length. 
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In the present experiments we are concerned with the repair of an 
artificially produced defect of the common duct in the dog. It would be 
ideal to use a pliable, non-irritant material or tissue which would be available 
in any length, and which would not be susceptible to necrosis or bile encrusta- 
tion, and, preferably, one which necessitated the use of no suture material. 
It has been frequently shown that the presence of any of these factors is a 
definite detriment to the successful repair of a stenotic common duct or one 
in which a defect is present. 

A non-suture method for anastomosis of blood vessels was described by 
Crile^^ in 1909. Hitchings, working in Crile's laboratory, devised a brass 



Fig. 2. — Photomicrograph (H & E stain). Free vein' graft 88 days after implanta- 
tion in common duct. There has been partial autolysis of biliary tract epithelium, but 
low columnar cells are evident in the outlined portion. Van Gieson stain shows the 
presence of normal elastic fibers. Trichrome stain reveals a normal amount of connective 
tissue. Cellular infiltration is absent. 


cannula over which a vein was cuffed for insertion into an artery for direct 
transfusion of blood. Shortly after Blakemore and Lord^” described in detail 
a non-suture technic for bridging arterial defects, employing special vitallium 
tubes of their own design, along with a free vein segment, it occurred to us 
that a defect in the common duct could be similarly bridged. 

In contemplation of the problem we were well aware that difficulties such 
as Horsley encountered might occur. It was noted, however, that in employing 
this type of graft, no injury to duct epithelium or vein intima from the use 
of suture material would result, and therefore there would be less predilection 
to stenosis. Rather than invert the vein, we felt that the endothelium of the 
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intima would withstand the irritation of bile far better than the adventitia, 
whose fibroblasts react more quickly to irritation. At the onset, it was also 
appreciated that several events might occur : first and most important, imme- 
diate necrosis and rupture of the vein graft might occur as a result of 
inadequate blood supply and irritation by bile; second, obstruction might 
result from edema of the vein wall or encrustation with bile salts ; and third, 
fibrosis and ultimate stenosis might occur from irritation over a long period. 

In its favor, however, the employment of the free vein graft over Blakemore- 
Lord tubes theoretically gave us an agent for bridging a gap in the common 
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Fig. 3.— Photomicrograph (H & E stain). Bridging channel after free 
vein graft implantation of 114 days duration. H & E and PTAH stains show 
biliary tract epithelium lining the lumen. Van Gieson stain reveals the 
presence of elastic fibers and trichrome stain shows normal connective tissue. 
Cellular infiltration is absent. 


duct which would obviate the use of suture material in the epithelial lining 
and which presented a medium of adequate length. 'Also, for all intents and 
purposes, it is a non-rigid system and one in which a common duct defect 
can be bridged and still retain the physiologic usefulness of the sphincter of 
Oddi. This is exceedingly important since ascending cholangitis is such a 
frequent complication of other types of repair. 

We postulated also that there would be epithelialization of the intima of 
the vein segment with biliary tract epithelium, as reported by Lord and 
Chenoweth.® It was supposed that blood supply to the graft could only be 
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supplied by vascularization of connective tissue where the graft was interposed 
in the common duct and the ligature applied, and also from peritonization 
of the graft and surrounding area. 

METHOD 


Mongrel dogs weighing 14 to 16 kg. were anesthetized with intravenous 
Nembutal, 1 cc. per 5 pounds of body weight. An intratracheal tube was 
introduced and intermittent positive pressure controlled respiration was 



Fig. 4.-— Photomicrograph (H & E stain). Bridging channel after free 
vein graft implantation of 208 days duration. This section, histologically, 
approaches the appearance of normal common duct seen in Figure 5. 


maintained. Using aseptic precautions, a longitudinal incision was made in 
the left thigh from the knee to the inguinal fold over the femoral vein. The 
vein was dissected free from the surrounding tissue. All venous tributaries 
were ligated close to the wall of the vein with 4-0 Deknatel. In each experiment, 
a segment of vein 5 cm. in length or longer, depending upon the size of the 
animal, was utilized. Each end was ligated with 3-0 Deknatel and the vein 
segment excised. The vein segment was then cuffed over 3 mm. vitallium 
tubes after the method described by Blakeniore and Lord^® in the repair of 
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arterial injuries. The vein was secured to the tubes with 4-0 Deknatel and 
the prepared segment was irrigated with physiologic saline to determine its 
patency and placed in physiologic saline at room temperature. The thigh 
incision was closed in layers and continuous No. 38 stainless steel wire was 
used to approximate the skin edges. 

A curved transverse incision was utilized to expose the right 9th rib, which 
was resected along with its cartilage. The thorax was entered through the 
rib bed and the diaphragm opened in the direction of its fibers. Tire intestines 
and stomach were packed away with moist tapes. The common bile duct was 
identified and mobilized for a distance of three to four cm. in its most distal 
portion. Two 3-0 Deknatel ligatures were then passed beneath the’ common 



Fig. 5. — Photomicrograph (H & E stain). Histologic appearance of normal common duct 

of dog. 


duct and the duct was then transected about 1.5 cm. for the duodenum, and 
with retraction of the duct ends, a defect 2 to 2.5 cm. in length was produced. 
The retracted ends of the duct were grasped with mosquito hemostats and 
triangulated. A curved hemostat was used to hold the free flange of the 
Blakemore-Lord' tube, and the graft was introduced into the proximal end of 
the duct and secured with the previously placed ligature. An additional ligature 
was then placed proximally for security. A similar procedure was carried out 
in inserting and securing the graft in the distal portion of the duct (Fig. 1). 
In all instances a free flow of bile was observed at the distal end of the graft 
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before inserting it into the distal portion of the common duct. No attempt 
was made to bring omentum over the graft or to peritonize the operative site. 
The diaphragm was repaired with interrupted 3-0 Deknatel sutures and 
100,000 units of penicillin were instilled into the pleural cavity after the 
partially collapsed lung was re-expanded. The skin was closed with con- 
tinuous No. 38 stainless steel wire suture which was left in situ throughout 
the experimental period. 

This particular operative approach was found to result in the most satis- 
factory exposure of the extrahepatic biliary system in the dog. The common 
duct of dogs of this weight is 3 mm. or less in' diameter. In our total series 
there were no operative deaths. 

It must be noted that in our earliest procedures we observed that a short 
segment of vein retracted in such a fashion as to cause over-riding of the 




Table I. — Experimental Data 



Experimental 

Patent 

Ruptured 

Visible Graft 
with 

No. of Dogs 

Period (Days) 

Grafts 

Grafts 

Obstruction 

9 

5-26 

6 

2 

1 (a: 

5 

34-57 

3 (b) 

0 

2 (c) 

2 (d) 

68-88 

1 

0 

1 

4 

104-114 

4 

0 

0 

1 

208 

1 

0 

0 

— 


— 

— 

— 

Total 21 


IS 

2 

4 


(a) In one animal there was paitial obstruction, although bile could be expressed through the sjsteni 
from the gallbladder with gentle pressure. 

(b) One animal sacrificed at 56 days, another at 57 days. Vein graft was unidentifiable but patent 
channel was present and bile flowed freely into the duodenum. 

(c) One animal was normal until 36 days after operation when jaundice appeared. At autopsy, seven 
days later, the vein graft was obstructed due to swelling at the proximal tube, but had remained 
elastic and viable. 

(d) Both vein grafts were intact, viable and elastic. One animal became jaundiced and at autopsy 
dilatation of the common duct proximal to the graft was observed, due to swelling of the graft 
within the proximal tube. 


flanges of the vitalHum tubes and a resulting mechanical biliary obstruction. 
To obviate this, tubes with smaller flanges were used with success. With 
larger defects to bridge, and with the utilization of longer vein segments, this 
complication was absent. 

RESULTS 

Twenty-one dogs comprise this series and in each a vein graft over 
Blakemore-Lord vitalHum tubes was used to repair a defect of the common 
duct. Autopsy was performed on all the animals at death or when sacrificed 
at the end of the experimental period. In each case the extrahepatic duct 
with the graft in situ was tested for patency by gently perfusing the common 
duct proximal to the graft with pln^siologic saline and observing whether 
the perfusion fluid flowed readily from the ampulla of Abater. At autopsv 
it was noted that in all dogs that had survived an experimental period of 
10 days or more, the previously denuded site of operation and the graft itself 
were completely covered by peritoneum. 
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The results are grouped in Table I, according to the experimental period 
in which the graft was in situ. 

In the total series, there were four animals which we considered failures. 
Early in the series two animals developed absolute biliary obstruction due to 
swelling of the vein graft within the proximal vitallium tube which in these 
instances was of 2 mm. size. One dog died as a result of necrosis and rupture 
of the graft when one vitallium tube became kinked upon the other. The 
fourth animal developed necrosis and rupture of the graft, along with acute 
suppurative peritonitis, concomitant with distemper. 

We can only consider the ‘result as equivocal in three of the animals. In 
two instances death occurred as a result of severe distemper on the 16th and 
22nd postoperative days, respectively, and it was felt that this experimental 
period was inadequate. We did observe, however, that these two animals had 
patent and viable vein grafts, although one showed slight dilatation of the 
proximal biliary tract. Bile expressed from the gall bladder, however, flowed 
freely from the ampulla of Vater. A third animal survived 88 days; on the 

Table II . — Expcrimcnfal Results 

No. of Dogs Excellent Equivocal Failures Per Cent 

21 14 66.7 

3 14.3 

4 19.0 

68th postoperative day this animal developed severe distemper followed by 
profound jaundice. At autopsy there was severe swelling and obstruction of 
the graft at the proximal vitallium tube. 

Fourteen animals lived 10 to 208 days before being sacrificed. In each, 
at autopsy, there was a patent channel between hepatic ducts and duodenum. 

Nine of these 14 animals still utilized the original free vein graft (Fig. 2). 
The remaining five animals developed a patent, pliable channel lined with 
biliary epithelium. The vein segment, in the meantime, had lost its identity 
and contiguity in the fibrous growth. (Figs. 3, 4.) 

SUMMARY 

A series of 21 animals is presented (Table II) in which a common duct 
defect was repaired with a free vein graft over Blakemore-Lord tubes. In 
14, or 66.7 per cent, of these animals, the resulting bridging channels remained 
functionally patent and a free flow of bile was maintained. Three, 14.3 per cent, 
developed severe distemper and the experimental period was considered inade- 
quate, although the vein graft remained viable and elastic. Four, 19 per cent, 
were described as failures and a discussion of each is presented. 

The authors wish to express their appreciation to Carl H. Lenhart, M.D., Professor 
of Surgery for his help in making this study possible: and to H. Z. Lund, M.D., Assistant 
Professor of Pathology, who aided in the preparation of photomicrographs and who 
reviewed the microscopic sections. 

REFERENCES 

1 Eliot, E., Jr.: Ann. Surg., 194: 668-701, 1936. 

^Pears^ H. E.: Ann. Surg.. 115: 1031-1042, 1942. 


28 



Volume 12S 
N'uniber 1 


REPAIR COMMON DUCT DEFECTS 


“Pearse, H. E.: Surgery, 10: 37-44, 1941. 

^ Cole, W, H., C. Ireneus, Jr., and J. T. Reynolds. Ann. .Surg., 122: 490-52^1, 1945. 
=>Pearse, H. E.: Ann. Surg., 124: 1020-1029, 1946. 

G ; Connecticut State M. J., 9: 507-710, 1945. 

’’ Bettman, R. B., and W. J. Tannenbaum; J.A.M.A., 129: 1165, 1166, 1945. 

8 Allen, A. W.: Ann. Surg., 121: 412-424, 1945. 

°Lord, J. W., and A. I. Chenoweth: Arch. Surg.:46, 245-252, 1943. 

Blakemore, A. H., and J. W. Lord: Ann. Surg., 121: 435-453, 1945. 

^^Neibling, H. A. and W. Walters: Proc. Staff Meet. Mayo Clinic, 22: 424-432, 1947. 
i-Cattell, R. B.: Lahey Clin. Bull., 4: 98-102, 1945. 

Crile, G. W.: Hemorrhage and Transfusion. New York, Appleton and Co., 1909. 


29 



CONSERVATIVE THERAPY OF RESIDUAL CALCULI 
FOLLOWING OPERATIONS ON THE COMMON BILE DUCT® 

Report of Two Cases 
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AND 

Julian A, Sterling, M.D. 

Philadelphia, Pa. 

FROM THE SUHOICAL SERVICE OF DR. FRANK B. BLOCK, JEWISH HOSPITAL 

Residual calculi are occasionally observed in the common bile duct fol- 
lowing operations upon it. Formerly, surgical exploration was required for the 
removal of these stones. Within the past ten years, howe\'er, reports have ap- 
peared in the literature concerning the fragmentation and dissolution of these 
stones by chemical means through the “T" tube indwelling in the common 
duct. Pribram^ has reported 38 cases of common duct stone which were cured 
by the installation of ether and liquid paraffin. He states that a secondary 
operation was not required in this type of case for at least seven years. He 
considers that a secondary operation be indicated only if thorough and long 
therapy with the ether-parafhn has failed. His cases required a maximum of 
six weeks treatment prior to disappearance of the stones. Walters- and Burgess’^ 
report excellent results in similar patients in whom the Pribram method of 
treatment was. supplemented with the use of nitrites, in order to relax the 
papillary sphincter. Other investigators have reported success with various 
solvents such as chlorofornP and solution “G’*,'* and in some cases® nupercaine 
has been used successfully. 

It is imperative to relieve the obstruction produced by calculi in the biliary 
tract. When a “T” tube remains in the common duct, however, it is uncommon 
to have evidence of liver damage or other sequellae of common bile duct ob- 
struction. Conservative management of such cases would be particularly indi- 
cated. In the cases reported below, a trial of conservative therapy for three 
months in one patient, and for eleven months in the other, resulted in complete 
disappearance of the stones. Freedom from symptoms followed removal of the 
“T” tube in each case. 

CASE REPORTS 

Case 1. S. D., white male, age 38, was admitted to the medical service of Dr. H. 
Goldburgh, at the Jewish Hospital, Philadelphia, on October 22, 1945. His chief com- 
plaint was abdominal pain and colic of five days duration, which had been followed, after 
24 hours, by increasing jaundice, anorexia, and nausea. No vomiting was experienced. 
Stools were acholic. There was a previous attack of pain and jaundice in 1944, one year 
preceding this present episode. On admission, the patient presented moderate pallor and 
severe jaundice. There was marked muscle guarding in the right upper quadrant of the 
abdomen. No mass was palpable and no tenderness was present. 

Laboratory studies revealed a hemoglobin of 16.5 gm., red blood cell count of 5.1 
million per cu. mm., white blood cell count of 8.2 thousand per cu. mm., with a normal 
differential picture. Urine had a pH of S.O, specific gravity of 1.013 to 1.024, bile and 

^ Submitted for publication, January 1948. 
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urobilinogen were present. Bile pigment was identified in the feces. Blood sugar was 
88 mg. per cent; blood urea nitrogen was IS mg. per cent; and the blood cholesterol was 
286 mg. per cent with 70 per cent esterification. Prothrombin time was 125 per cent of 
normal. Serum amylase was 86 units. Icterus index was 38 units on admission, and it 
fluctuated from 28 to 42 units during the preoperative course. 

After adequate preparation, the patient was transferred to the surgical service of Dr. 
F. B. Block. Operation was performed November 3, 1945. The abdomen was opened 
through a right rectus incision. The gallbladder contained stones. The common File duct 
was filled with a creamj^ inspissated material, but a calculus was not demonstrated in 
the common duct. The gallbladder was removed and a “T” tube placed into the common 
bile duct. 

Postoperative convalescence was uneventful. On the eleventh postoperative day a 
cholangiogram indicated that dye was not passing into the duodenum. At that time, the 
duct was lavaged through the “T” tube with 3-4 cc. of ether. This was repeated daily. 



^ <1 ** 


A B 

Fig. 1A . — Patient S.D. Before Ether Therapy. Notice tremendous dilatation of 
common bile duct and radiolucent defect at distal end of duct. No flow of diodrast into the 
duodenum is seen. 

Fig. IB . — Patient S.D. After Ether Thei'apy. Duct now normal size. Radiolucent 
defects gone. Free flow of contrast medium into the duodenum is evident. 



usually without discomfort to the patient. If pain appeared, inhalation of amyl nitrite 
was sufficient to control it. Repeated cholangiograms were done on November 20 and 27, 
1945. These indicated a calculous obstruction at the distal end of the common bile duct, 
associated with retrograde dilatation of the common and hepatic ducts. (Figure la) 
Dye did not pass into the duodenum during the roentgen study. On several occasions, 
solution “G,” instead of ether, was used to perfuse the duct, but the patient did not tolerate 
this material. 

During this period, the patient's icterus index returned to normal values. Repeated 
tests of liver function were returned at normal levels. The patient was discharged from 
the hospital on November 27, 1945, with the “T” tube left in place. He had been instructed 
in the management of the irrigations of the common bile duct using the ether injection. 
This was continued daily while the patient was at home. 
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Two months later, on January 9, 1946, a cholangiogram revealed that there was free 
flow of the contrast medium into the duodenum. The biliary ducts were minimally 
dilated, and there was no longer any evidence of calculous obstruction at the distal 
portion of the common bile duct. (Fig. lb) In view of the fact that this patient had been 
asymptomatic for five weeks, the “T" tube was removed. 

This patient has remained well. Follow-up examinations have shown absence of 
jaundice or pain, and complete freedom from any complaints referable to the biliary or 
gastro-intestinal tract, for 18 months since the removal of the “T” tube. 

Case 2. F. K., white female, age 54, was admitted to the Surgical service of Dr. 
F. B. Block, at the Jewish Hospital, on October 1, 1946. Her chief complaint was 
severe colicky abdominal pain, accompanied by indigestion of 36 hours duration. The 
pain, which originated in the right upper quadrant, radiated under both costal margins. 



Fig. 2A . — Patient F.K. Before Ether Therapy. Common duct somewhat dilated. 
Radiolucent defects indicating stones at distal end of common bile duct (between arrows). 
Obstruction is not complete, as evidenced by the presence of the contrast medium in the 
small intestine. 

Fig. 2B . — Patient F.K. After Ether Therapy. Radiolucent defects not present. 
Common duct not dilated. Diodrast present in duodenum. 

There was no nausea or vomiting. Stools were normal in character and appearance. 
On examination this middle aged woman looked acutely ill. Her abdomen was moderately 
obese. Marked tenderness and rigidity were found in the right upper quadrant. A tender 
mass in the right subcostal region, difficult to outline, was interpreted as enlarged gall- 
bladder. No jaundice was noted. Peristalsis was normal. A cystocele and rectocele 
were discovered as incidental findings. 

Laboratory studies indicated the hemoglobin to be 13.7 Gm., and the white blood 
cell count 'was 20,600 per cu. mm., with 91 per cent polymorphonuclear cells. Urine had 
a pH of 6.0, specific gravity of 1.010; there was no sugar, albumen, or bile present. 
Urobilinogen was present in the urine in 1 ;20 dilution. Blood icteric index was 20 units. 
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and the blood serum amylase was 455 units. Blood sugar, urea nitrogen and serologic 
examinations were normal. 

A diagnosis of acute pancreatitis associated with cholelitiiiasis was made prcsumi)- 
tively. This patient was treated conservatively. She was given oral and parenteral 
feedings of proteins and carbohydrates reinforced with adecpiatc vitaminotherapy. Her 
clinical status improved rapidly. After one week, the icterus index was 6 units, and the 
blood amylase had decreased to 83 units. With subsidence of the acute episode, a 
cholecystogram was done. This revealed marked decrease in gallbladder function. Bromo- 
sulfalein test for liver function revealed that no dye was retained in the blood stream at 
the end of 45 minutes. 

Operation was performed on October 12, 1946. The abdomen was opened through 
a right rectus incision. Exploration was limited to the gallbladder, common bile duct, 
and immediately adjacent tissues. There was marked edema of the area about the cystic 
duct and the ampulla of the gallbladder. Adequate dissection of this region was pro- 
hibited by the extent of the inflammatory process. The common duct was opened, and 
approximately eight small facetted stones were removed. Irrigation of the duct returned 
clear fluid, and there was no interference of flow of the irrigating fluid into the duodenum. 
A “T” tube was sewn into the common bile duct. A partial cholecystectomy was done. 
The gallbladder bed was drained. 

Examination of the gallbladder revealed beginning gangrene of the mucosa, with 
evidence of chronic cholecystitis. Multiple facetted calculi were present in that organ. 
On section, these calculi were composed of an outer brittle layer of white material and 
a soft pigmented nucleus. The outer shell was fragmented rapidly, and partially dissolved 
within ten minutes of the stone’s immersion in ether. 

The patient’s postoperative course was normal. She was ambulant on and after 
her first postoperative day. Oral intake was sufficient and the patient generally comfortable. 
Stools were normal in color and no icterus was present. The “T" tube was clamped on 
the 10th postoperative day, without clinical signs or symptoms. 

A cholangiogram was done on October 25, the 13th postoperative day. A radio- 
lucent shadow was noted in the terminal portion of the common bile duct, and several 
shadows which resembled calculi were noted in the hepatic duct radicles. Three to four 
cc. of ether were injected daily thereafter through the “T” tube. The injections produced 
moderate discomfort. 

Cholangiogram was repeated on October 29, 1946, at which time diodrast passed 
from the common duct into the duodenum. A persistent dilatation of the common and 
hepatic ducts was visualized. Radiolucent defects were present at the distal end of the 
common duct and in the hepatic duct proximal to the hepatic limb of the “T” tube. 
(Fig. 2a) 

The patient was instructed to irrigate the long limb of the “T” tube once to twice 
daily with three to four cc. of ether. She was discharged from the hospital on November 
1, 1946, but returned on November 9, 1946, because of recurrent colicky pain which 
accompanied perfusions of the duct. During this admission, physical examination revealed 
no jaundice, mass, fever, or any physical abnormalities. A cholangiogram showed that 
the shadows previously reported were less numerous and had moved to a more distal 
position in the ducts. In addition, the cholangiogram ‘revealed that there was less dilatation 
of the hepatic ducts. 

She was discharged after four days observation with instructions to irrigate the tube 
as before. It was the clinical impression that the lavage was inducing fragmentation of 
the calculi, and that her episodes of pain were due to small pieces passing through the 
papilla of Vater. She was advised to inhale amyl nitrite should any of these episodes 
become distressing. 

These irrigations were continued for three weeks until December, 1946, after which 
the irrigations were done two to four times weekly. On several occasions she suffered 
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mild colic or indigestion, but without disability of more than a few hours. 

On May 11, 1947, the patient was readmitted to the service of Dr. F. B. Block for 
repair of the cystocele and rectocele. During this admission a cholangiogram revealed that 
a radiolucent shadow resembling a stone was present in the papillary area of the common 
bile duct. 

The duct volume and intraductal pressures were measured on several occasions. 
(Table I.) The volume of fluid contained in the common bile duct varied from eight 
to 15 cc. This indicated that the duct was now of normal size. Pressure readings 
were generally normal, since pain appeared at 30 cm. of water, and the duct emptied at 
20 to 32 cm. of water. 

Pressure studies were also used as therapy. During each succeeding installation 
of perfusing fluid, pressure levels were increased progressively in an attempt to increase 
the fragmentation of the residual calculus, and to permit passage of debris through the 
papilla. Initially, 10 cc. of 1 % metycaine solution was used prior to the installation of 
any perfusing fluid. Subsequently, all procedures were accomplished with 0.1% novo- 
caine in normal saline. A maximum of SOO cc. of solution was perfused at any one time. 
The basis for this therapy was a recent report® and previous successful experiences by 
one of the authors (JAS). 

At all times perfusing fluid entered the duodenum. During earlier tests, there was 
marked resistance to flow ; and moderately severe discomfort was suffered by the patient. 
Following the procedure on May 12, 1947, and its attendant severe colic of three hours 
duration, all other procedures were easily tolerated. At no time, thereafter, was any 
obstruction encountered to the irrigations. 

Despite clinical evidence of the free flow of bile, and of the normal volumes in the 
common bile duct, cholangiogram revealed that the radiolucent shadow persisted in the 
papillary region of the common bile duct. No evidence of dilatation of the biliary 
radicles was present. 

The patient was discharged from the hospital on May 25, 1947, following full con- 
valescence from the vaginal plastic operation. The "T” tube remained in position and 
was irrigated several times weekly with ether for the next three weeks. After this period, 
the “T” tube was clamped shut continuously. 

After several months of complete freedom from all symptoms, a cholangiogram was 
performed on September 10, 1947. At this time, there was uninterrupted flow of diodrast 
into the duodenum, and no evidence of calculi. (Fig. 2b) 

The “T” tube was removed on September 17, 1947, 26 days short of one year since 
its insertion. The tube was encrusted with bile stained and inspissated putty-like debris. 
The sinus drained but a few drops of bile stained mucoid material for 24 hours. The 
wound has been completely dry since then. There have been no signs or symptoms of 
biliary tract or gastro-intestinal tract disturbance and the patient is completely comfortable 
more than ten months after the removal of the tube. 

DISCUSSION 

The literature contains several case reports of success in the conservative 
management of residual choledocholithiasis following operations on the com- 
mon bile duct. These stones may not have been observed, or may have been 
inaccessible at the time of the operation. 

Such calculi can produce total obstruction to bile flow, although the ob- 
structive phenomena are usually incomplete and intermittent. Some stones ' 
may disappear spontaneously through disintegration, or pass into the gastro- 
intestinal tract through the papilla of Vater or through an artificial fistula. 
Others may'^ become imbedded in the wall of the papilla, as in a diverticulum 
of the duct. Some stones can remain as asymptomatic foreign bodies. 
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The usual indicalions fur surgical removal of such residual calculi in the 
common bile duct are : 

(1} complete biliary tract obstruction with progressive jaundice. 

(2; recurrent pancreatitis. 

(3) advancing liver drainage. 

(4) recurrent suppurative cholangitis. 

It is advisable to avoid secondary procedures on the biliary tract since the 
risk of reoperation is great and because the technical procedure is frequently 
very difficult. 

It is felt that surgical intervention can be delayed in those patients in whom 
biliary flow is adequate, and in whom liver function is not impaired. It is 
similarly thought that conservative management is advisable in patients who 
are symptomatically comfortable, and who do not present evidence of gross 
infection. Lavage of the common bile duct through an indwelling “T” tube can 
be expected to produce excellent results in the therapy of residual choledo- 
cholithiasis, if given a trial for a sufficient time. 

It should be noted that ether boils at body temperature. This phenomenon 
is the usual cause for patient discomfort, since the expanded vapours can exert 
considerable pressure. This in itself is an added advantage because of an in- 
creasing pressure increment thus introduced. It is recommended that only 
three to four cc. of ether be instilled in the common duct during the initial 
perfusions. If discomfort occurs, the syringe may be disengaged and the ether 
permitted to bubble out of the open end of the “T” tube. Nitrites may be 
administered for relief of pain, or prior to the injection in order to relax 
sphinteric action at the termination of the common bile duct. 

SUMMARY 

Two patients who were treated surgically by cholecystectomy and chole- 
dochostomy for calculous disease of the biliary tract were found to have 
calculi remaining in the common duct postoperatively. In one case, daily in- 
stillations of ether during a two-month period were followed by the disappear- 
ance of the stone. In the second case, instillations of ether were continued for 
seven months. In addition, lavage of the duct was done on occasions, using 
novacaine solutions under increasing intraductal pressure. In this case, stones 
were not present in the common duct eleven months after their initial recogni- 
tion. Following the removal of their “T” tubes, both patients have remained 
asymptomatic. 

It is recommended that conservatism be used in similar cases whenever 
possible because of the technical difficulties of reoperation and the greater risk 
to the patient. It is also recommended that gall stones removed at operation 
be saved, and tested for solubility in ether and other solvents, in the event 
that this information is required in the treatment of the complication of residual 
common duct stones. 
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BLOOD FAT LEVELS FOLLOWING SUPRADIAPHRAGMATIC 
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Considering the great variations in anatomic configuration and rela- 
tionships of the human thoracic duct, 2 . 3. » inadvertent severing of this structure 
during the course of surgical procedures in the supradiaphragmatic region ap- 
pears to be a relatively uncommon accident, rarely occurring more than once 
or twice in the experience of any one surgeon. With the ever-growing fre- 
quency of extra- and intrapleural operations, however, there is reason to 
anticipate that the number of such accidents ivill increase. 

The flow of chyle in the thoracic duct may be interrupted in one of two ways, 
i.e., by section or ligation. Instances in which the duct has been severed have 
been more frequently reported in the literature than those in which it has been 
ligated. Its section results in chylothorax, a complication regularly attended by 
considerable morbidity in the form of asthenia, inanition and progressive 
emaciation and not infrequently terminating fatally (1, 5, 13, 14), In a review 
of the literature up to 1937, Shakelford and Fisher reported an over-all mor- 
tality of approximately 50 per cent, Sui-gical ligation of the duct, on the other 
hand, does not result in chylothorax and for this reason is attended by a much 
less severe morbidity than severance. 

Both accidents afford unusual opportunities for furthering our understand- 
ing of the role of chyle in human bodily economy. Unfortunately, advantage of 
such accidents has not always been seized by clinicians, so that there remain 
as yet many obscurities in our understanding of the physiology and patholog}' 
of chyle that might otherwise have been illuminated. In view of this, it appears 
desirable that increments to our knowledge, whether great or small and 
whether or not documented by oft-repeated observations, should be com- 
municated as they become available. 

Of the human studies thus far recorded, the majority have been made in 
connection with chylothorax, attention having been focused mainly upon the 
chyle recovered from the chest cavity rather than upon the altered biochemistry 
of the blood and other bodily fluids. The data acquired permit a fair estimate 
of the quantity of chyle produced under conditions of chylothorax, namely, 
130 to 200 cc. per hour. Certain physical and chemical characteristics of the 
recovered chyle have also been determined — its alkaline reaction, specific 
gravit)'- between 1.012 to 1.020, total fats between 0.5 to 3.0 Gm. per cent, 
total proteins between 1.0 to 6.0 Gm. per cent, and an albumin-globulin ratio 
of 3:1.5- 9. 14 

* Submitted for publication, January 1948. 


.38 



BLOOD FAT LEVELS FOLLOWING SUPRADIAPHRAGMATIC 
LIGATION OF THE THORACIC DUCT 

J. L, Ehrenhaft, M.D. 

AND 

Russell Meyers, M.D. 

department op SURGERV, state university of IOWA COLLEGE OF MEDICINE, IOWA CITY, IOWA 

Considering the great variations in anatomic configuration and rela- 
tionships of the human thoracic duct, -■ ® inadvertent severing of this structure 

during the course of surgical procedures in the supradiaphragmatic region ap- 
pears to be a relatively uncommon accident, rarely occurring more than once 
or twice in the experience of any one surgeon. With the ever-growing fre- 
quency of extra- and intrapleural operations, however, there is reason to 
anticipate that the number of such accidents will increase. 

The flow of chyle in the thoracic duct may be interrupted in one of two ways, 
i.e., by section or ligation. Instances in which the duct has been severed have 
been more frequently reported in the literature than those in which it has been 
ligated. Its section results in chylothorax, a complication regularly attended by 
considerable morbidity in the form of asthenia, inanition and progressive 
emaciation and not infrequently terminating fatally (1, 5, 13, 14). In a review 
of the literature up to 1937, Shakelford and Fisher reported an over-all mor- 
tality of approximately SO per cent. Surgical ligation of the duct, on the other 
hand, does not result in chylothorax and for this reason is attended by a much 
less severe morbidity than severance. 

Both accidents afford unusual opportunities for furthering our understand- 
ing of the role of chyle in human bodily economy. Unfortunately, advantage of 
such accidents has not always been seized by clinicians, so that there remain 
as yet many obscurities in our understanding of the physiology and patholog}' 
of chyle that might otherwise have been illuminated. In view of this, it appears 
desirable that increments to our knowledge, whether great or small and 
whether or not documented by oft-repeated observations, should be com- 
municated as they become available. 

Of the human studies thus far recorded, the majority have been made in 
connection with chylothorax, attention having been focused mainly upon the 
chyle recovered from the chest cavity rather than upon the altered biochemistry 
of the blood and other bodily fluids. The data acquired permit a fair estimate 
of the quantity of chyle produced under conditions of chylothorax, namely, 
130 to 200 cc. per hour. Certain physical and chemical characteristics of the 
recovered chyle have also been determined — its alkaline reaction, specific 
gravity between 1.012 to 1.020, total fats between 0.5 to 3.0 Gm. per cent, 
total proteins between 1.0 to 6.0 Gm. per cent, and an albumin-globulin ratio 
of 3:1.5. 9. 14 

* Submitted for publication, January 1948. 
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live of a mild degree of cardiac muscle damage. A six-foot plate of the chest demonstrated 
clear lung fields and a Danzer Ratio of 0.49. The intravenous pyclograms were considered 

normal. . •it 

A diagnosis of essential hypertension was made and the patient was considered a 

suitable candidate for surgery. , , , 

Operation, December 4, 1946: General anesthesia was induced under endotracheal 

nitrous oxide inhalation and maintained by the intravenous administration of pcntothal 
sodium. A 7 cm. segment of the right tenth rib was resected. Its head was distarticulatcd 
and the corresponding transverse process removed by the rongeur. A plane of cleavage 
between the parietal pleura and chest wall was developed. The pleura was then retracted 
so as to give access to the sympathetic chain from the eighth dorsal to the first lumbar 
paravertebral ganglia. These ganglia and the intervening segments of the chain were 



Mffaf' fSO Grrt of 
Norrriaf SOOrn of Fat 

Fig. 1. — Graph showing postoperative levels of blood fat and phospholipids. 

ligated and removed. During the ensuing exploration a structure regarded as the greater 
splanchnic nerve was encountered, A one-inch segment was doubly ligated with black silk 
and transected between ligatures, whereupon a droplet or two of chyle exuded from the cut 
end, leaving no doubt as to the structure attacked. The distal portion of the ligated duct 
immediately began to swell and soon attained a diameter slightly greater than that of a 
common lead pencil. The splanchnic nerves were subsequently identified somewhat closer 
to ' the midline than ordinarily encountered. They were doubly ligated and a segment 
approximately one inch in length was removed from each. A silk "sleeve” was secured 
over the proximal stumps. The operator had quite evidently mistaken the thoracic duct 
for the greater splanchnic nerve. 

The patient's postoperative course was uneventful. Symptomatically, she offered no 
complaints other than of “soreness” at the operative site. To all objective clinical exam- 
inations she appeared normal. 

Within three hours of the ligation of the thoracic duct and before the ingestion of 
food, the total blood fat level was 280 mg. per cent. On each of the ensuing three days, 
total blood fat determinations were made immediately preceding and again two hours 
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following the noon-daj’- meal. These data^' demonstrated a marked reduction of blood fat 
levels below the normal range of 500-700 mg. per cent (See Fig. 1). 

On December 7th, the third day following operation, a high-fat diet of 150 Gm. 
was given the patient in order to ascertain its effect on the blood fats. The total blood 
fats— both before and after the noon-day meal — ^were discovered to be just within the 
lower limits of normal range. 

Further determinations of blood fat levels under ordinary dietary conditions were 
resumed on the following day and repeated at intervals up to the sixteenth postoperative 
day. They continued at subnormal levels but there was observable a gradual trend in the 
direction of normal. 

Splanchnicectomy and sympathetic ganglionectomy were carried out on the opposite 
(left) side on December 12, 1946, this time without untoward incident. The patient made 
an uneventful recovery and was discharged from the hospital on the ninth postoperative day. 

In order to afford a degree of assurance that the data obtained in the case 
above reported are not. generally characterictic of hypertensive patients of 
the type who qualify for sympathetic surgery in accord with our criteria, 
three patients (E. R., female, and K. S. and F. J. males) were subjected to 
preoperative determinations of total blood fats and phospholipids. Posto]> 
erative determinations were made at the 24th, 48th, and 72nd hours and 
thereafter every other day, the last specimens being drawn on the sevenlli 
postoperative day. In none of these were the levels of blood fats or phos- 
pholipids found to deviate from the accepted ranges of normal. In this 
group of subjects, the lowest recorded blood fat level was 500 mg., the liigh- 
est 780 and the mean, 615 mg. per cent. The lowest recorded phospholipid 
level was 184 mg., the highest 300 mg. and the mean, 225 mg. per cent. 

* The methods employed for the determination of total fats and phospholipids in 
the present study are those devised by Gibson, Lowe and Morrissey (unpublished). 

For determination of total fat, 5 cc. of plasma or whole blood is mixed with -25-50 cc. 
of 90% alcohol. The total mixture is swirled slowly within a 125 cc. Erlenmeyer flask. 
The flask is heated in a steam bath for 10 minutes and is then allowed to cool. Sixty cc. 
of diethyl ether are then added. The liquid is filtered through a funnel plugged with fat- 
free cotton into an evaporating dish. The flask is washed out with several portions of 
ether and the liquid is pressed out of the solid mass in the funnel with a glass rod. The 
filtrate is evaporated on a steam bath, care being exercised not to heat the dish once drying 
has been accomplished. The fat is now dis,solved out with several 10 cc. portions of 
petroleum ether, each portion being evaporated to a volume of appro.ximately 5 cc. The 
liquid is now filtered' through a small, fat-free filter paper into a weighed dish and 
evaporated on the steam bath. The dish is kept in a vacuum dessicator for 20 minutes 
and is then weighed. Calculations : Gain in weight X 20 = mg. per cent of total fat. The 
normal value in plasma by this test is from 500 to 700 mg. per cent. 

For determination of phospholipids, the fats are washed into a 125 cc. Erlenmeyer 
flask with several 2 cc. portions of petroleum ether. The liquid is then swirled slowly while 
3 volumes of acetone and 3 drops of saturated magnesium chloride solution in 95% alcohol 
are added. The solution is placed in the icebox for 15 to 30 minutes, during which time 
the phospholipids flocculate. The mixture is now filtered into the weighed dish referred 
to above. The flask is carefully washed with several portions of acetone, the washings 
being poured through the filter. Evaporation is carried out to dryness in the steam bath. 
Exercising the same precautions as those recommended above, the dish is cooled for 20 
minutes in the vacuum dessicator and again weighed. 

Calculations. Loss in weight X 20 = mg. per cent of phospholipids. Normal values 
by this method are ISO to 230 mg. per cent. 
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DISCUSSION 

The earlier animal experiments in this field suggested that physiologic 
derangements consequent upon ligation of the thoracic duct(s) are incom- 
patible with life. However, Munk and Friedenthal® and D’Errico'’ adduced the 
first evidence contrary to this view and in 1922 Lee® conclusively demonstrated 
its incorrectness. 

Lee studied the postprandial distribution of chyle by feeding cats in whom 
the thoracic duct had been ligated a cream diet stained with Scharlach-R and 
Berlin Blue. The animals were sacrificed at periods varying between one and 
77 days following operation, and anatomic studies were carried out. Two types 

Table I 
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560 
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of newly established collateral channels were demonstrated; (a) those to the 
right thoracic duct and (b) those to the azygos vein and/or its branches. All 
this was, of course, consistent with the traditional concept of the transit of 
fats from the gut fo the bloodstream by way of the thoracic duct. 

That the movement of fats may and probably regularly does occur also in 
a direction opposite to that traditionally visualized, i.e., from the blood stream 
fo the thoracic duct, was demonstrated in 1944 by Reinhardt, Fishier and 
Chaikoff.’^^ These investigators injected radiophospholipids into the blood 
stream and were able to recovef between 9 and 20 per cent of the lipids from the 
thoracic duct within three to six hours. It would be a matter of considerable in- 
terest to conduct a similar investigation under circumstances in which the 
thoracic duct is ligated before the injection of phospholipids. 

The blood fat levels in our single human experience following ligation of 
the duct are at variance with the animal findings reported in 1904 by Munk and 
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Friedenthal.® These authors encountered an increase in blood fats, whereas 
we encountered a decrease. The reasons underlying this disparity of findings 
can only be speculated upon. A theoretically defensible mechanical account 
can be -made out for either circumstance. It may prove possible to reconcile 
the disparities in terms of individual and/or species differences in respect of 
potential collaterals. 

In the clinical and experimental studies thus far reported there appears to 
be a general agreement that following the development of chylothorax and 
chyloperitoneum the level of blood fats falls off. Shackelford and Fisher^^ 
summarized their own experiences and those of previous observers in this 
connection. They considered that the intravenous re-infusion of chyle recovered 
from the chest cavity has a somewhat salutary effect in raising the blood fat 
level and in combating asthenia and inanition. 

The earliest recorded instance of inadvertent section of the thoracic duct 
incidental to splanchnicectomy and sympathectomy appears to be that reported 
upon by Crafoord in 1941.^ In this case, the duct was severed at the level of 
the eleventh rib. The distal stump was crushed with a hemostat and buried in 
the adjacent mediastinal tissue. No untoward clinical manifestations developed. 
At the time of operation, Crafoord observed one undamaged branch of the duct 
and he was inclined to ascribe the fortunate outcome of his case to the presence 
of this vessel. He expressed the belief that when well developed lymphatico- 
venous anastomoses exist, ligation of the main trunk may be carried out without 
serious complication. He considered that when such anastomoses are deficient, 
clinical symptoms must supervene. 

In 1942, Whitcomb and Scoville^^ reported a second case of accidental sec- 
tion of the duct in the course of splanchnicectomy and sympathectomy. In this 
instance, the duct was severed at the level of the first lumbar vertebrae and the 
distal stump was closed off by the application of a silver clip. For the first 
week, the patient’s postoperative course was uneventful. Thereafter, signs of 
increasing respiratory embarrassment became evident. Chylothorax was then 
demonstrated and was dealt with by frequent thoracentesis. The patient’s 
serum protein and fat levels fell off progressively and emaciation became severe 
in spite of the re-infusion of chyle recovered from the pleural cavity. The patient 
expired three weeks after operation under circumstances considered by the 
authors as indicative of anaphylactic shock. Permission for autopsy was not 
obtained but the authors postulated that the silver clip might have produced 
necrosis of the 'duct or that it might have become disengaged. 

The available evidence leaves little room to doubt that the organism tol- 
erates ligation of the thoracic duct far more readily than its section. The 
d 3 mamic factors .underlying this circumstance appear to hinge upon the matter 
of the restitution of homeostasis. Following ligation, a new gradient of hydro- 
dynamic pressure is at once established within a closed system. This gradient 
tends to promote the opening of potential collaterals and the development of 
supplementary channels. Following section of the duct, the preexisting pressure 
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gradients are actually increased, falling off rapidly from the “head of pressure” 
in the villi and mesenteric lymph channels to the cut end of the distal stump. 
The mechanical factors tending to promote the establishment of alternate 
pathways for the chyle are, under such circumstances, of negligible character. 
The result of this is a continuing and poorly compensated biochemical dise- 
quilibrium. 

It seems unnecessary, therefore, to urge that when the duct is accidentally 
severed every effort should be made to isolate and carefully ligate the cut ends, 
particularly the distal stump. For such purpose, a silk suture ligature appears 
to afford greater security than that offered by mere crushing or clipping. In 
cases where it is not feasible to isolate the leaking stump, it may prove advan- 
tageous to suture a muscle stamp into place or to press a pledget of Gelfoam 
impregnated with thrombin and plasma against the opening. 

The further management of the case should he guided by clinical develop- 
ments and the results of repeated determinations of blood fat and serum- 
protein levels. If the latter should fall to levels that appear to threaten 
physiologic economy, the deficit can be dealt with by increasing the fats and 
proteins in the diet or by the parenteral administration of plasma, "Amigen” 
or other commercial preparations of the sort routinely employed in maintaining 
nutrition in the presence of severe burns and extensive decubitus ulcers. 

SUMMARY 

1 . The flow of chyle may be interrupted in the course of extra- or intrathoracic 
surgical procedures by inadvertent section or ligation of the thoracic duct. 
The great variations in anatomic pattern of the duct and in its relations 
to the splanchnic nerves requires that the surgeon be constantly on guard 
against such accidents. 

2. Section of the thoracic duct is productive of chylothorax, a serious and 
often fatal complication characterized by respiratory embarrassment, as- 
thenia and inanition. Ligation of the duct may be unaccompanied by 
subjective complaint and in any case is productive of a much less serious 
physiologic disorder than its section. 

3. A case is reported in which, following inadvertent ligation of the thoracic 
duct, blood fat levels were determined throughout a period of sixteen days 
until physiologic levels were regained and maintained. The blood fat level 
was sharply reduced immediately after the accident to half its normal value. 
During the next two weeks, it gradually climbed to normal levels. A high 
fat diet (150 Gm.) temporarily restored the blood fats to low-normal 
levels. Clinically the patient exhibited no ill effects. 

4. If the thoracic duct is accidentally severed at operation, every endeavor 
should be made to close the opening by suture ligature. Where this proves 
unfeasible, a muscle stamp or "Gelfoam” pledget should be employed. 
Postoperatively, the blood fat and serum protein levels should be determined 
at regular intervals. The frequency of such determination will depend upon 
the degree of biochemical disequilibrium demonstrated. If indicated, special 
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dictaiy aticl/or intravenous measures ina}^ be adopted in order to furnish 
needed fats and serum proteins. 
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This communication, the fifth of a series dealing with the streptomycin 
therapy of surgical infections in U. S. Army hospitals, is concerned with the 
results of this form of antibiotic therapy in infections of the soft tissues. The 
composite material on which it is based consists of case reports submitted to the 
Office of the Surgeon General and subjected by us to critical analysis, with 
the object of determining the present status of this antibiotic in the manage- 
ment of infected wounds. The ultimate goal of this investigative effort is to 
identify the indications for, the dosage of, and the adjuvant utility of, strepto- 
mycin in the treatment of impending and established wound infection. 

review of literature 

To date, only a small number of reports have been published concerning 
the use of streptomycin in soft tissue infections. Two of these were experi- 
mental studies. Kirby^ and his associates produced virulent infections in 
dogs by traumatizing the spinal muscles and contaminating the wounds with 
cultures of staphylococci, streptococci, and colon bacilli. Both local and invasive 
infections were controlled when streptomycin was applied locally at the time 
contamination was introduced or when it was given parenterally every six 
hours for six days. All untreated animals, however, developed severe infec- 
tions and 55 per cent of them died. 

Howes^ experimental study, which antedated that of Kirby and his asso- 
ciates, concerned kreptomycin and sulfamylon (sulfabenzamine hydrochlo- 
ride). He produced infections in the spinal muscles of rabbits by traumatizing 
them and introducing either cultures of bacteria or dirt scraped from the 
floor. Local injection immediately after injury of a solution containing 0.2 
per cent streptomycin and 5 per cent sulfamylon prevented the development 
of infection. Infection was not prevented, however, if drug treatment was 
delayed three hours or more unless secondary wound excision was done con- 
comitantly. Once infection had become established, treatment with the solution 
described failed to hasten resolution. 

The few clinical studies reported in the literature are not conclusive. White^ 
observed clinical improvement in respect to the type of granulation present 
and in respect to decrease, decolorization and thinning of drainage in 18 of 32 
amputation stumps after local treatment for 24 to 72 hours prior to wound 
revision and skin grafting with packs soaked in 0.1 per cent solution of strepto- 
mycin. The remaining stumps were not improved, and neither in the improved 

* Submitted for publication, February 1948. 
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nor the unimproved cases were organisms eliminated consistently, Hirshfeld'* 
reported that granulations became healthy and grafts took well in four slough- 
ing or granulating wounds when streptomycin was applied topically in 0.05 
per cent solution over an unspecified period of time. The bacterial flora was 
not altered, however, and the resistance to streptomycin increased remarkably. 
The results were disappointing when the drug was used parenterally in other 
types of soft tissue infections. Poor results were attributed to the presence 
of streptomycin-resistant organisms in mixed infections. 

Keefer^ and his associates, who supplied no details, stated that six patients 
with surgical wound infections had improved on parenteral or topical strepto- 
mycin therapy. Brooke® reported that in 10 cases of infected wounds, ulcers 
and burns, “good results in general” followed the topical application of 0.25 
per cent parachlorophenol and 0.5 per cent streptomycin in a carbowax base 
for six to 30 days. Finally, M, E. Florey'^ reported that flve out of six chronic 
sinus tracts residual to battle incurred injuries with predominantly gram- 
negative flora, became sterile when treated with streptomycin. All healed 
within three weeks of the end of treatment. The exceptions contained Staphy- 
lococcus aureus and Streptococcus hemolyticus, which were not eliminated 
until topical penicillin was applied. 

MATERIALS AND METHODS 

The basis of this report is 102 streptomycin-treated infections of soft tissues 
in males of military age, including 67 cases of cellulitis, 33 of which were 
associated with abscess formation, 30 cases of localized infection, and five cases 
of specialized infection. The series represent all instances of infection observed 
over a given period of time. No fresh wounds are included. They represent 
a selection of cases, such as occurs in civilian practice, in which only patients 
refractory to standard methods of treatment reach the hospital for treatment 
and study. 

Sixty-eight of the 102 patients were treated with streptomycin alone and 
34 were treated with a combination of streptomycin and other bacteriostatic 
agents. The results of therapy were classified on the basis of the type 'of 
clinical response as good, doubtful, and poor. 

Bacteriology. — Gram-positive cocci were the dominant organisms in 61 of 
the 102 cases which make up this series. Staphylococcus aureus and hemolytic 
streptococci were found in pure culture, alone or in combination in 20 cases, 
and gram-negative bacilli were cultured alone in 16 cases. Mixed infections 
were present in 20 cases. In the remaining five cases, there was no drainage. 

The cultures of bacteria were tested for streptomycin sensitivity in all but 
five cases. Eighty-five per cent of the gram-negative bacteria were found to 
be sensitive, that is, they were inhibited in vitro by concentrations of strepto- 
mycin easily maintained in the blood stream (16 micrograms per milliliter or 
less). Eighty per cent of all staphylococci and streptococci were streptomycin 
sensitive, and the remaining 20 per cent were only moderately resistant. All 
anaerobic gram-positive bacilli tested were insensitive.. 
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analysis of results 
Streptomycin Treated Cases 

Streptomycin was the only antibacterial agent employed in the treatment 
of 68 cases (Table I). The results were classified as good in 47, doubtful in 
seven, and poor in 14. Details of the first 27 cases follows : 

Improved Group . — Eight of the 12 patients regarded as benefited by strep- 
tomycin therapy had cellulitis, in five instances associated with abscess forma- 
tion, and four had localized infections. 

Two of the three patients with cellulitis without abscess formation were 
treated by the intramuscular route. The first patient, who had myelogenous 
leukemia, had a cellulitis in the cervical region from which streptomycin- 
sensitive Salmonella typhimurium was cultured. The second, three days after 
excision of a pilonidal sinus with primary closure of the wound, developed an 
infection from which streptom 3 'cin-sensitive Escherichia colt and hemolytic 
streptococci were cultured. In both instances prompt resolution of the inflam- 
matory process and satisfactory healing followed treatment with streptomycin. 

Tabi-e I . — Results of Therapy in 68 Infections of Soft Ti.ssues 
Treated by Streptomycin Only*’^* 


Ranse of RESULTS 

DIAGNOSIS No. of Cases Dosaae* Good Daiilitful Poor 

Cellulitis 18 3.8— 3.0 15 1 2 

Cellulitis with abscess 26 1.0 — 2.4 25 . 1 

Wound suppuration* 10 7 2 1 

Sinus tracts 8 1.0 — 1.5 8 

Septic burns 3 2.4 2 1 

Chancroid 1 2.4 - ' ^ 

Meloidosis 1 2.4 H 

Decubitus ulcer 1 2.4 1 


Total 68 1.0— 3.0 47 7 14 

* In Gm. per day. 


‘‘Applied topically, in concentrations of 1-10 mg. per milliliter. 

*** This table was remade after the article was prepared for publication, so ns to the author’s 
41 cases, 13 of cellulitis, 21 of cellulitis with abscess, 6 of wound suffnrntion, .and 1 septic burn. The 
entire series suggests that streptomycin parenterally administered in doses of 2.0 to 3.0 Gm. a day is 
equally effective as penicillin against gram positive coccal cellulitis and cellulitis with abscess c.an.sed 
by streptomycin susceptible organisms. 

The third patient with non-localizing cellulitis developed the infection 15 
days after a plastic operation on the hand which included tendon transplants, 
and tendon, fascial and bone (iliac) chip grafts. Culture revealed Proteus 
vulgaris and Staphylococcus aureus, both sensitive to streptomycin. The 
wound was re-opened under parenteral streptomj^cin protection and infected, 
necrotic tendon and fascial grafts were removed; the bone chips and tendon 
transplants were maintained. Localization of the infection was observed within 
48 hours and supplemental topical application of streptomycin by means of 
wet dressings was followed by the formation of clean, bright red granulations 
and good wound healing. 

In all five cases of cellulitis with abscess formation localization followed a 
more rapid pattern than is ordinarily observed following drainage only. Results 
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were prompt and permanent in four cases: (1) a presacral decubitus ulcer in 
a paraplegic treated by the parenteral route; (2) a mixed M'ound infection, 
due to gram-negative and gram-positive streptomycin-sensitive organisms, 
treated by the local and parenteral routes; (3) an inguinal infection following 
an old gunshot wound treated by drainage and parenteral streptomycin; and 
(4) an infection following repeated aspirations of a seroma complicating 
cranioplasty. In the latter case which was treated with intramuscular and 
topical streptomycin, removal of the tantalum plate was necessary. , 

In the fifth case of cellulitis with abscess formation the course was less 
smooth probably because the initial streptomycin therapy was inadequate. A 
recurrent draining infection in the left groin, associated with embedded shell 
fragments of small size and caused by streptomycin-sensitive gram-positive 
cocci and Proteus vulgaris, was first treated by daily instillations of a 0.5 per 
cent streptomycin solution followed by streptomycin in an ointment base. 
Healing was prompt, but two days after it was apparently complete there was 
a severe recurrence, manifested by local pain, chills and fever. Streptomycin 
was given parenterally for four days, after which local therapy was substituted. 
Localization and spontaneous drainage had occurred through the original 
wound during parenteral treatment and healing again seemed satisfactory. 
Two weeks later a second recurrence was treated for eight days with 0.4 Gm. 
of streptomycin every four hours intramuscularly. Resolution of this abscess 
occurred within 48 hours with spontaneous drainage. This third course of 
treatment, which was the first adequate course, apparently resulted in steriliza- 
tion of the wound and there has been no recurrence in the ensuing eight months. 

The four cases of ^localized' infection treated successfully by streptomycin, . 
illustrate the ability of this drug to eliminate susceptible bacteria persisting in 
wounds in which no slough is present. One infection, following radial neu- 
rorrhaphy, had not responded to drainage, wet dressings, and treatment by 
other bacteriostatic agents over a period of six weeks. When topical strepto- 
mycin therapy was introduced, cultures which had previously yielded strepto- 
mycin-sensitive Pseudomonas aeruginosa became sterile within six days and 
drainage ceased on the tenth day of treatment. Healing thereafter was 
satisfactory. 

The other three cases in this group were all low-grade infections in ano- 
phthalmic sockets caused by streptomycin-sensitive coagulase-positive hemolytic 
Staphylococcus aureus. These infections, which ordinarily respond well to 
penicillin, seemed to respond equally well to instillations of aqueous sterile 
streptomycin solution (5 mg. per milliliter) two or three times daily for three 
to five days. The chief advantage of streptomycin over penicillin in such 
cases lies in the fact that it is thermostable, so that solutions can be warmed 
to body temperature and the patient’s comfort thus be increased. This 
advantage, however, would be outweighed by the possibility of the develop- 
ment of drug-fastness if the organisms were not eliminated promptly. 

Doubtful Cases . — Streptomycin was of possible value in two cases in 
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which it was used prophylactically and postoperativcly. The first was a decu- 
bitus ulcer of the heel, from which Escherichia coli was cultured. Primary 
healing followed surgical excision and pedicle flap closure. In the second 
case appendectomy for acute disease was necessary in a patient with Pseudo- 
monas aeruginosa infected second and third degree burns of the entire 
abdomen. The postoperative course was Avithout incident and it was thouglit 
that the exudate from the burned area was considerably reduced while strep- 
tomycin was being given. 

Poor Results. — Nine of the 13 patients who did not respond satisfactorily 
to streptomycin therapy had draining sinus tracts of diverse origins. One 
followed nephrectomy and three followed wounds of the bladder. In one of 
the latter cases the organisms had become resistant to streptomycin and did 
not respond to a second course of therapy, although a previous course had 
resulted in closure of a suprapubic wound. In a similar case the organisms 
were resistant initially to streptomycin. In still another case, five courses 
of streptomycin therapy, all adequate, produced no results. The unsatisfactory 
outcome in all these cases suggests that streptomycin therapy alone is unlikely 
to be followed by closure of a fistulous tract connected with the bladder if the 
sinus has become chronic and scar tissue is present. The causative organisms 
may be sensitive to the drug in vitro, but surgery must be combined with 
streptomycin if the desired results are to be attained. 

Other cases in this group included a sinus following perforation of the 
splenic flexure with an intraperitoneal abscess, in which the organisms were 
found to be streptomycin-resistant before therapy was undertaken; a sinus 
of the buttock following retroperitoneal trauma; a complicated fistula-in-ano 
for which fistulectomy was performed ; a sinus following coccygectomy ; and 
multiple sinuses of the scrotum and peri-anal region in a patient with chan- 
croid. The last two cases deserve special comment. In the infection which 
followed coccygectomy the exudate became scanty and gram-negative organ- 
isms were eliminated, but gram-positive varieties persisted and became drug- 
fast. Chemotherapy was ill chosen in this case. Obliteration of the tract 
could not have been anticipated without surgical collapse of the bony wall. 
The patient with chancroid had a progressive, two-year history of multiple 
draining sinuses in the scrotum, perineum and inguinal and pubic areas, 
from which Hemophiliusis ducreyi sensitive to streptomycin was repeatedly 
isolated. Several courses of parenteral streptomycin therapy, two of which 
Avere supplemented by penicillin and sulfathiazole, produced only transient 
improvement. Recurrence was prompt after the cessation of treatment. The 
organisms eventually became drug-fast. 

There Avere four chronic localizing infections. Infection remained in two 
open amputation stumps because remoA^al of necrotic tissue was not complete. 
Decrease in the discharge during therapy was deceptive in that it Avas not 
permanent. The third patient had a chronic cervical abscess caused by 
Malleomyces mallei. In vitro streptomycin resistance of the organisms was 
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established, but treatment over 57 da 3 ^s, as a last resort, was ineffective. The 
fourth patient had extensive badly infected third degree burns of both legs 
and one arm. There was a progressive decrease in the amount of exudate 
during treatment, but some of the organisms became refractory to the drug. 
While skin grafting was finally successful, surgical elimination of sloughing 
tissue, and not streptomycin therapy, was regarded as the dominant factor 
111 reducing the severity of the infection. 

COMBINATION-TREATED CASES 

Results in the 34 cases treated by streptomycin in combination with peni- 
cillin or sulfadiazine or both (Table II) were good in 14, doubtful in four, 
and poor in 16. 

Good Results . — In this group of cases in which treatment was successful 
there were 13 instances of cellulitis, one with abscess. There were four caused 
by Staphylococcus aureus, four were caused by gram-negative bacteria, and 


Table II. — Results of Therapy in 34 Infections of Soft Tissues 


Treated by Streptomycin and 

Other Bacteriostatics 





Range of 

R E 

SUL 

T S ■ 

DIAGNOSIS 

No. of Cases Dosage* 

Good 

Doubtful 

Poor 

Cellulitis 


1.5— 3.0 

12 


4 

Cellulitis with abscess 

4 

1.8— 3.0 

1 


i 

Wound suppuration** 



1 

1 


Sinus tracts 

7 

2.4 


3 

4 

Ischiorectal abscess 


3.0 



3 

Bacterial synergistic gangrene . . . . 


' 2.4 



■ 1 

Actinomycosis 


1.8— 2.4 



1 

Total 


l.S— 3.0 

14 

4 

16 

* Streptomycin in Gm. per day. 

Sulfadiazine was 

given in doses 

of 6 Gm. 

per day 

and 

the minimum dose of penicillin was 240,000 units per day. 





'bplied topically, in an ointment base containing 5 mg. of streptomycin per Gm., 

three were found to have mixed gram-positive and gram-negative organisms. 
No cultures were obtained in two cases. Penicillin in adequate doses (ranging 
between 240,000 and 1,000,000 units per day) had not been successful in 
controlling the infection in any of these cases, but the prompt, and sometimes 
dramatic, results achieved following the addition of streptomycin to the 
therapeutic regimen seemed to point to it as the responsible agent. Strepto- 
mycin therapy was considered responsible for the favorable outcome in the 
case of cellulitis with abscess caused by staphylococci resistant to penicillin 
but sensitive to streptomycin. The infection, following a cartilage transplant 
to the nose, showed no improvement after 18 days of penicillin therapy. 

A case of localized staphylococcic infection was found in a traumatic 
ulceration of the lower abdominal wall. In spite of topical and parenteral 
penicillin therapy the infection had reached the anterior rectus sheath by the 
forty-first day, and presented a crater on the surface measuring 5 by 10 cm. 
The local application of 0.5 per cent streptomycin in a water-in-oil ■ emulsion 
base resulted in complete healing by the 31st day of treatment; all organisms 
had disappeared from the wound by the twenty-seventh day. 

Douhtfid Results . — In four cases the prophylactic administration of strep- 
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tomycin may have been helpful in securing uncom])licatecl primary wound 
healing. A decubitus ulcer of the leg, in which Escherichia coli was the pre- 
dominating organism, was treated by excision and pedicle Ihi]) closiu'c. A 
sinus tract in the leg, not originating in bone, from which penicillin-re.sistant, 
streptomycin-sensitive Slaphylococciis aitrcits was isolated, could be treated 
by split thickness skin graft four days after irrigations with 1 per cent strepto- 
mycin solution were begun. A sinus tract following cholecystectomy, which 
had drained for eight months, was successfully closed, the only complication 
being a seroma in the wound which yielded no growth on culture. Culture in 
this case yielded Staphylococcus aureus and Bacillus proteus resistant to peni- 
cillin but sensitive to streptomycin. 

The fourth case in this group was a sinus following nephrectomy performed 
two years earlier but shown by pyelography and lipiodol injections not to be 
connected with the urinary tract. Penicillin-resistant Staphylococcus aureus 
was cultured from the purulent exudate released at operation. Penicillin and 
streptomycin in sterile dried plasma powder (1 :5) was applied locally at eacii 
dressing and successful plastic closure of the wound was accomplished within 
a short time. 

Poor Results. — The 16 cases in which combined bacteriostatic treatment 
was not successful included a variety of conditions. Three ischiorectal ab- 
scesses and four cecal fistulas did not respond to various combinations of 
local and parenteral streptomycin. In one case of furunculosis the original 
infection was apparently controlled at the end of seven days, but other furuncles 
appeared 14 days later while the patient was still under treatment. In a second 
case of furunculosis, severe dizziness and nausea made it necessary to discon- 
tinue the drug at the end of 24 hours. Two patients, submitted to tenorraphy 
for battle-incurred injuries of the hand, developed severe postoperative infec- 
tions which did not improve until wound revision was performed. In another 
case, massive cellulitis of the groin, with extravasation of urine as a late 
complication of traumatic rupture of the urethra, was treated by incision and 
drainage after 1 Gm. of streptomycin had been given daily for two days. 
Transient improvement was followed by the formation of additional abscesses ; 
treatment in this case was carried out for only five days and was plainly 
inadequate. In one case of cellulitis following removal of the lower half of 
the fibula for osteomyelitis, and in another of infection following cartilage 
graft of the nose, no treatment was satisfactory until the wounds were revised. 
In the former case, considerable necrotic tissue was present and in the latter, 
the implant had to be removed. In one case of abdominal actinomycosis 
which had developed a year and a half after drainage of an abdominal abscess, 
there had been no response to numerous other forms of therapy, including 
penicillin, and improvement was only transient after each of three adequate 
courses of parenteral streptomycin therapy. 

The last case in this group of failures was of particular interest. Typical 
postoperative synergistic bacterial gangrene developed after incision and 
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drainage of a peritoneal abscess, and by the fifth day the gangrenous area was 
approximately 15 cm. in diameter. The infection advanced rapidly, in spite 
of debridement (which was only partial because of the risk of evisceration), 
penicillin and sulfonamide therapy, until it involved the rectus muscle and 
extended into the fascial planes. Streptomycin was given intramuscularly, in 
combination with other therapy, in doses of 4 Gm. daily for five days. It was 
no more effective than other treatment had been and the patient eventually 
succumbed to the progressive infection. 

REACTIONS 

Exclusive of pain at the site of injection, of which numerous patients com- 
plained, undesirable reactions were recorded in eight of the 61 cases treated 
by streptomycin. No reaction occurred in patients receiving less than 2 Gm. 
of the drug daily. In four instances, the undesirable effects were noted after 
only brief periods of therapy. In two patients, severe dizziness and nausea 
developed on the first and second day of treatment, respectively. In one of 
these cases, the drug was withdrawn but in the other, treatment was continued 
without difficulty with streptomycin from another batch. In two other cases, 
a generalized rash appeared on the eighth and twelfth days of treatment, 
respectively. In both instances the drug was withdrawn. The rashes dis- 
appeared promptly. In the four remaining cases, vertigo followed the admin- 
istration, respectively, of 50 Gm. of streptomycin over a period of 16 days. 
54 Gm. over 30 days, 104 Gm. over 35 days, and 114 Gm. over 57 days. 
In every instance withdrawal of the drug was followed by prompt subsidence 
of the disturbance. 

An analysis of these cases shows, as has previously been demonstrated, 
that streptomycin is a relatively safe drug when it is administered in doses 
up to 3 Gm. daily for as long as 14 days. Longer courses of therapy may be 
associated with labyrinthine disturbances, the severity of which is usually in 
proportion to the duration of therapy. 

As these reactions indicate, streptomycin is an agent which has toxic 
potentialities. No serious permanent sequelae were noted in any case in this 
series, but it is obvious that the effective dosage of 3 Gm. daily is close to the 
critically toxic level. Any means of reducing the effective daily dosage would 
therefore be desirable. 

COMMENT 

Although 61 streptomycin-treated infections of the soft tissues do not con- 
stitute a large series ; the cases are sufficiently representative to indicate both 
the possibilities and the limitations of streptomycin as an adjuvant in the 
therapy of wound infections in soft tissues. At the present time, therefore, it 
seems possible to make certain definite statements concerning this bacteriostatic 
agent. 

Good results cannot be expected from streptomycin therapy unless certain 
conditions are met ; 
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(1) The organism (organisms) responsible for tlie infection must be 
streptomycin-sensitive. 

(2) The drug must be given in adequate dosages. 

(3) There must be little or no necrotic tissue present. 

(4) The blood supply to the affected site must be adequate. 

The cases in this series in which poor results followed streptomycin therapy 
were almost without exception cases in which the principles laid down for its 
use were violated. Many of them illustrated the unfortunate but rather 
general tendency to institute chemotherapy or antibiotic therapy without 
regard to the fundamental principles of surgical management. In four cases 
the organisms were known to be streptomycin-resistant. In two cases the 
dosage was inadequate. In eight cases dead tissue or foreign bodies were 
present. In IS cases sinus tracts or scar tissue of other origins represented 
precisely the kind of tissue devitalized by trauma or sepsis or rendered avas- 
cular by sclerosis which cannot be sterilized b)’’ any known form of chemo- 
therapy or antibiotic therapy. 

Streptomycin apparently has its chief field of usefulness in acute infections 
complicated by cellulitis. When it was used for this type of infection in this 
series, complete resolution usually occui-red without necrosis of the affected 
tissue and with satisfactory wound healing. 

Streptomycin also has a field of usefulness in the therapy of acute gram- 
positive coccal cellulitides which are penicillin-resistant. Streptomycin also 
may be employed in the occasional case of gram-positive coccal infection in 
which the patient has developed a penicillin-sensitivit}’- reaction. In the small 
number of cases in this series which fell into these categories the results were 
generally good. Streptomycin is probably even more useful in mixed infections 
in which the response to penicillin alone is not satisfactory because some 
organisms present are not penicillin sensitive and may, in fact, exert an actual 
penicillin-destructive effect.® 

It is considerably more difficult to define the usefulness of streptomycin 
applied topicalty in localized infections Avith cellulitis. Some cases in this 
series improved under this form of treatment but the results were not dramatic 
in any instance. The impression Avas frequently receiA’^ed that the patients 
Avould probably have fared as Avell if streptomycin had not been used. More- 
over, even in the improved cases, it Avas not possible to attribute the good 
results to streptomycin alone. They might equally AA^ell haA^e been attributed 
to the mechanical clearing effect of improved drainage, or to combined surgical- 
antibiotic therapy. The results, in fact, seem to suggest that if local Avound 
suppuration is not completely controlled within a period of 72 hours after the 
topical application of streptomycin is begun, the interpretation is Avarranted 
that whatever other function the local dressings may be fulfilling, their effect 
is probably not bacteriostatic. 

EA’^en AAffien all the conditions set doAvn for the proper use of streptomycin 
are met, it still does not follow that streptomycin therapy is the method of 
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choice in a given case. This is an extremely expensive drug. It is, moreover, 
an agent which is not free from risk, the optimum therapeutic dose, as has 
been pointed out, apparently being dangerously near to the critically toxic 
level. It therefore should be used in the type of case in which its usefulness 
has been established, only if no other drug will answer the purpose equally 
well. In the greater majority of cases penicillin will be equally effective. A 
distinction should be made, in other words, between cases in which strepto- 
mycin is indicated and cases in which it is mandatory. Available statistics 
seem to indicate that the cases in the mandatory category are not more than 
one in every 85. 

Precise clinical standards do not exist for the ready selection of cases in 
which streptomycin is mandatory. For the present, the most that can be said 
is that it probably should be used : 

(1) In mixed gram-positive and gram-negative infections in which clinical 
experience has shown that the results of penicillin therapy tend to be 
inconstant. 

(2) In gram-positive infections in which there has been no response to 
maximal doses of penicillin within 48 to 72 hours, or earlier, if in vitro 
evidence of penicillin resistance can be secured. 

(3) Generally speaking, in infections below the diaphragm, where gram- 
negative infections and mixed infections occur predominantly. Reclassification 
of this series of cases according to bacteriology made clear that infections of 
this origin were infrequent above that level. This is a practical point which 
may be of assistance if laboratory facilities are not readily available. 

(4) In an occasional case, in the form of topical applications, to remove 
bacteria, in conjunction with a surgical procedure designed to eliminate 
dead or sloughing tissue. It should be remembered that the mere presence 
of gram-negative organisms in an infection of long duration is not per se an 
indication for streptomycin therapy. They are probably present as part of the 
evolution of the bacteriology of the wound, and until dead tissue is removed, 
streptom)^cin cannot be expected to be effective against them. 

When streptomycin is used, it must be given in adequate dosage. The 
optimal dose, when it is used alone, is 2 to 3 Gm. daily, the duration of 
treatment depending upon the response. If treatment is discontinued too 
soon after a favorable response is apparent, recurrence is likely. On the other 
hand, if therapy must be continued longer than 14 days, the dosage should be 
reduced, to avoid the risk of lab 3 minthine disturbances. 

The optimum dosage of streptomycin in combination with penicillin has 
not yet been worked out. From present indications it will be considerably less 
than the 2 to 3 Gm. daily now regarded as optimum when streptomycin is 
used alone. Probably it will not be more than 1 to 1.5 Gm. daily, given 
intramuscularly in 0.25 Gm. doses every four hours, in combination with 
50,000 units of penicillin every four hours by the same route. Investigations 
to establish this point are currently being conducted. 
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PENICILLIN IN THE POSTOPERATIVE TREATMENT OF PEPTIC 
ULCER WITH PERFORATION AND APPENDICITIS 
WITH PERFORATION’’ 

Robert B. Brown, Commander M.C., U.S.N, 

AND 

Don L. Andrus, Lieutenant, M.C., U.S.N. 

U. S. Naval Hospital 

PlIILADlCLPHIA, Pa. 

U. S. NAVAL HOSPITAL, PHILADELPHIA, PA. 

This report is based on a study of the 42 cases of perforated peptic ulcers 
and 97 cases of perforated appendices operated at the Philadelphia Naval 
Hospital during the eighteen month period between January 1, 1946, and June 
30, 1947. Patients from the Veterans Administration and active duty personnel 
are included in the series. Since the vast majority of these cases were surgical 
emergencies, operation was performed by the surgical watch officer. This 
officer is usually a younger surgeon with experience comparable to that of f 
surgical resident or younger staff man in a civilian hospital. There has beer 
no rigid standardization of surgical procedure, the details of which have varied 
somewhat with the individual operator. 

• On the other hand the postoperative care in this series has been quite 
uniform throughout for each of the two groups of patients. In practically all 
of these cases the same ward medical officer supervised this care. With few 
exceptions, which will be noted, penicillin was administered postoperatively. 
Although some of the cases treated early in 1946 and an occasional case treated 
later received a smaller dosage of penicillin, 100,000 units every two hours 
became the accepted initial postoperative dose. 

Penicillin in this dosage for appendicitis was suggested by Crile and 
Fulton.^ Whether one subscribes whole-heartedly to the theoretical consid- 
erations upon which they based their use of relatively large doses of penicillin, 
one is forced to admit that their results in 1 500 appendectomies, both from the 
standpoint of morbidity and mortality,- are enviable. 

In the past few years many reports on the treatment of perforated peptic 
ulcer and acute appendicitis with or without perforation have been published. 
Improved results have been attributed to chemotherapy and antibiotics alone 
or in combination with various operative and postoperative factors. BaritelP 
reports 88 perforated gastroduodenal ulcers operated in three years with one 
death (1.1%). He describes his operative and postoperative routine in detail 
vrhich includes sulfadiazine intravenously and orally. No penicillin was used. 
The commonest complication in this series was wound infection (10.2%). 

Thompson and ProuF in an article on the surgical treatment of peptic 
ulcer include 100 cases of acute perforation. Chemotherapy was hsed in 91 % 
and penicillin in 14%. The mortality rate was 15%, and 34% of the patients 

* Submitted for publication, October 1947 . 
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developed wound infections. Estes and Bennett^ operated upon 80 cases of 
perforated gastroduodenal ulceration. Their mortality rate was 8.7%, They 
attributed this relatively low rate to early surgical intervention, use of spinal 
anesthesia, immediate postoperative use of plasma, glucose, saline and sulfona- 
mides. 

Graham and Tovee'* report their experience with 1 14 cases of perforated 
duodenal ulcer, 111 of which were treated surgically. The postoperative 
mortality rate was 6.3%. They emphasize the importance of prcoperalive 
treatment, even to delaying operation up to twelve hours. They decry the use 
of intraperitoneal sulfonamides. 

Stafford, Beswick, and Deeb® reviewed 903 cases of acute perforative 
appendicitis. They found that with increasing use of sulfonamides the mortality 
rate decreased from 9.2% in 1939 to 3.4% in 1942. They conclude that the 
sulfonamides are effective in the treatment of peritonitis and of particular value 
when implanted intraperitoneall}' in the early stages. NewelF operated upon 
48 cases of suppurative appendicitis with free pus in the peritoneal cavit 3 ^ 
There were no deaths. In all cases 5 Gm. of sulfanilamide powder were placed 
in the peritoneal cavity which was not drained. Penicillin was used in large 
dosage in 11 cases. 

Farkas® analyzed 648 cases of acute appendicitis treated surgically. Sul- 
fonamides were given orally or intravenously to patients with evidence, of 
peritonitis. Mortality rate was 1.65%, all deaths occurring in the group with 
perforated appendices and generalized peritonitis. 

Ochsner and Johnston® compared results of treatment of patients with 
perforated appendices admitted to Charity Hospital in 1933 with those admitted 
in 1943. In 1933 the mortality rate was 15%. In 1943 it was 5.2%. The 
improvement is attributed not only to use of sulfonamides, but also to the 
administration of large amounts of blood and plasma, the employment of 
gastro-intestinal decompression, and the use of oxygen. 

Mueller^® in 1945 reported his experience with 739 cases of appendicitis 
in which local sulfonamides had been used in 320 instances. Penicillin was 
used postoperatively in the cases with abscess or peritonitis. Mortality rate was 
0.4%. In a group of 742 treated prior to the use of chemothcrap)’’ and anti- 
biotics, the mortality rate was 2.83%. 

Experimental evidence points to the value of penicillin in the treatment of 
intraperitoneal infection. Fauley, Duggan, Stormont, and Pfeiffer^^ produced 
peritonitis in dogs by ligating the appendiceal base and blood suppty. The 
mortality in 27 untreated controls was 92.7%. Of 48 dogs which were treated 
with penicillin and which did not develop fecal fistulae none died. If fecal 
fistulae did develop the animal died in spite of penicillin therapy. Harper 
and Blain^^ isolated jejunal loops in dogs. Fifteen control dogs died within 
6^4 days. Fifteen dogs receiving penicillin in the dosed loop and five receiv-, 
ing penicillin parenterally were protected for significantly longer intervals. 
Their evidence showed that penicillin given prophylacticall}'- in large doses can 
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prevent infection of the distended intestinal wall by normal intestinal bacteria. 

We are presenting our experience with large dosage of penicillin in the 
postoperative treatment of perforative appendicitis and perforated peptic ulcer 
not with the idea of attributing the results obtained to the antibiotic agent alone. 
We have neither sufficient clinical nor bacteriologic control data to justify 
such a conclusion. Use of penicillin was an integral part of a routine post- 
operative regime (Tables I and II), which we feel has contributed to the 
relatively low mortality and morbidity in each of the two groups of cases. 
It is hoped that this report may add to the accumulating data in the literature 
on the value of penicillin in intraperitoneal infections ; data which will ultimately 
yield groups of sufficient size for critical breakdown and analyses of statistical 
significance. 

Table I. — Postoperative Routine — Perforated Ulcers 

1. 100,000 u. penicillin q. 2 hr. = initial dosage level. 

2. Wangensteen suction drainage — usually continued 48-72 hrs. 

3. Intravenous fluids as indicated; (blood, plasma, serum albumen, amigen, 

glucose, saline) . 

4. Ascorbic acid and thiamin chloride parenterally until oral feeding started 

5. Modified Sippy Diet — after Wangensteen drainage discontinued. 

6. Early ambulation in the absence of signs and symptoms of peritonitis. 

PERFORATED PEPTIC ULCER 

In this group there are 42 patients. Since the majority of these patients are 
veterans the associated factors commonly accepted as important in evaluating 
therapeutic results approach those of a civilian group except for sex distri- 
bution. 

The ages of the patients ranged from 19 to 59. Nearly half of the perfora- 
tions occurred in the third decade. Age distribution for the whole group is 
shown in Table III. The two patients who died were 27 and 29 years old.. 

Table II. — Postoperative Routine — Perforated Appendices 

1. 100,000 u. penicillin q. 2 hr.' = initial dosage level. 

2. Wangensteen suction drainage in all cases of spreading peritonitis and 

in others with distension, vomiting, etc. 

3. Intravenous fluids as indicated: (blood, plasma, serum albumen, amigen, 

glucose, saline). 

4. Ascorbic acid and thiamin chloride — parenterally or orally. 

5. Diet as tolerated. 

6. Early ambulation in the absence of signs and symptoms of peritonitis. 

In all but one case the time of perforation was established by the typical 
acute onset of severe, “doubling up,” epigastric pain. Twenty-four (57%) 
of the patients gave a history or had had studies and treatment which justified 
the diagnosis of peptic ulcer prior to perforation. Several of the remainder 
of the group had a few days to weeks premonitory symptoms, but no definite 
previous attack or diagnosis. The time interval between perforation and 
operation is recorded in Table IV. Only 6 (14%) of the group were operated 
under six hours. Twenty-four (57)^) received their surgery in less than 12 
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hours. Two were over 24 hours and two more over 48 hours in duration. 
The two deaths occurred in patients whose ulcers had perforated 15 hours 
and 62 hours before operation. 

The admission temperatures, pulse rates, and leucocyte counts were studied 
with the following findings; Temperatures ranged from 97 to 102, but in the 
vast majority of instances the preoperative temperature was below 100. On 
the other hand the pulse rate was more strikingly elevated, being over 100 
in approximately half of the cases. In all cases the leucocyte count was over 
10,000, and in half of the cases over 20,000 with a polymorphonuclear increase 
and shift to the left. 

Table III. — Age Dishibuikm — Perforated Ulcers 


Years Ko. of Cases Per Cent of Groiii' 

Under 20 1 2.4 

20 - 30 19 4S.2 

30-40 7 16.7 

40 - 50 7 16.7 

Over SO 8 19.0 


Roentgenologic examination for free air in the peritoneal cavity was 
made in 27 instances (64%). Air was demonstrated in 17 (63%) of those 
so examined. 

An attempt has been made in Table V to classify the perforations as to 
location, but anyone familiar with this type of surgery realizes the difficulty 
of sharply localizing the lesion when landmarks are obscured by oedema. 

Table IV. — Duration of Perforation — Ulcers 


Hours No. of C.iscs Per Cent of Group 

0- 6 6 14.3 

6- 12 18 42.9 

12-18 9 21.4 

18-24 1 2.4 

24-48 2 4.8 

48 - 72 2 4.8 

Not Recorded 4 9.4 


induration, and exudation. About one-third of the perforations were listed in 
the operative report as gastric, about one-third as duodenal, and a final third 
were simply reported as p34oric. In two cases the lesions were marginal or 
rather jejunal in location. 

Details of operative technic will not be discussed except for a few brief 
notes. Spinal anesthesia was employed in all but one instance. The exception 
received ether and was one of the patients who died. An upper right rectus 
incision was used most frequently with an occasional transverse incision as the 
operator’s choice. One jejunal perforation was operated upon through a left 
subcostal incision. All of the perforations were treated b}’’ simple closure with or 
without a reinforcing tab of omentum. Sulfonamides were used locally in 
13 cases ; 5 grams of sulfanilamide being the usual dose. All abdominal wounds 
were closed in layers but suture material varied to include catgut, cotton, 
and wire. 

Thirty-one cases (74%) were drained. In anal)’^zing the drainage cases 
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for an indication the following facts are revealed: In six of the 11 cases the 
interval between perforation and operation was over 12 hours. In these six 
cases are included the two who died, one of whom had a full blown peritonitis 
at operation 62 hours after perforation, and the other a tremendous amount 
of gastric content in the peritoneal cavity. Culture of the fluid from this latter 
case revealed hemolytic streptococcus and pneumococcus. In two other cases 
the operator notes that there was a considerable amount of free peritoneal 
spillage. In the remaining three cases there was no obvious reason for drain- 
ing other than the surgeon’s choice. 

Table V. — Location oj Perjorated Ulcers 


Classification No. of Cases Per Cent of Group 

Gastric 12 28.6 

Duodenal 12 28.6 

Pyloric IS 3S.6 

Jejunal 2 4.8 

Not Recorded 1 2.4 


All patients in this group received penicillin postoperatively. In 34 cases 
the initial dosage was 100,000 units every two hours. Dosage was continued 
at this level for varying lengths of time up to 18 days in one patient. The 
average duration at this level was 8.5 days. Penicillin was then tapered off 
through decreasing dosage before being discontinued. Four cases received an 
initial dosage of 50,000 units every three hours and the remaining four a 
still smaller dosage. Both deaths occurred in the smaller dosage group 
Table VI . — Postoperative Complications — Perjorated Ulcers 


Type No. of Cases Per Cent of Group 

Pulmonary 5 11.9 

Wound 2 4.8 

Peritonitis (fatal) 1 2.4 

Pelvic Abscess 2 4.8 

Duodenal Fistula 1 2.4 

Uremia (fatal) 1 2.4 


before the 100,000 units every two hours was established as a routine. In two 
cases, including the death from peritonitis, sodium sulfadiazine was given 
intravenously in the first 24 hours in 5 Gm. dosage. 

Postoperative complications are listed in Table VI. An uneventful con- 
valescence was enjoyed by 32 patients {76%>). There were three cases of 
transient atelectasis, one of the right lower and two of the left lower lobe. 
All cleared uneventfully. There was one case of bronchopneumonia in a 
patient with a ruptured jejunal ulcer who had in addition a disruption of 
his left subcostal wound. This was not accompanied by evisceration. The 
wound was packed, strapped and allowed to heal by granulation. The only 
other wound complication was a hematoma in the upper end of a right rectus 
incision. There were two complicating pelvic abscesses which subsided fol- 
lowing spontaneous rupture into the rectum. One of these patients with a 
pelvic abscess also had a pneumonitis. The most serious and troublesome 
complication of all was a duodenal fistula. This fistula closed spontaneously 
but only after three weeks of supportive treatment which included jejunal 
feeding through a Miller-Abbott tube. 
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Two of the patients in the series died; a mortality rate of 4.8^. In the 
first instance the perforation was 62 hours old and the patient was critically 
ill on admission. After much controversy operative treatment was elected. 
Widespread peritonitis was found. The patient died of overwhelming infection 
40 hours after operation. The second case was that of a 15-hour-old perfora- 
tion in a nuld diabetic who died in uremia 22 days after operation. 

Table VII . — Age Distribution — Perjorated Appendices 


Years No. of Cases Per Cent of Group 

Under 20 9 9 

20 - 30 54 55 

30-40 19 20 

40- 50 3 3 

Over SO 12 13 


ACUTE APPENDICITIS WITH PERFORATION 

During the eighteen month period covered by this study 815 appendec- 
tomies were performed. In 166 cases (20%)) the appendix was not acutely 
inflamed. In 552 instances (68%)) the appendix was acutely inflamed or 
gangrenous but not perforated. In the remaining 97 cases (12%)) a diagnosis 
of acute appenditis with perforation was made. It is with this latter group of 
perforated appendices that this report is primarily concerned. 

Table VIII . — Duration of Symptoms — Perforated Appendices 


Days No. of Cases Per Cent of Group 

1 or less 31 32 

1- 2 19 20 

2- 3 14 14 

3- 4 3 3 

4- 5 6 6 

5- 6 2 2 

6- 7 7 7 

Over 7 IS 16 


As with the ulcer group, certain factors considered important in prognosis 
and treatment will be discussed. Ages ranged from 16 to 73 with approxi- 
mately half of the patients in the third decade of life (Table VII). A study 
of the time elapsing from the onset of symptoms to operation is summarized 
in Table VIII. It was interesting to find that perforation had occurred in 
as short a time as four to five hours and in 31 of the cases ( 32 %) in less 
than one day. On looking for factors which might have contributed to 
appendiceal perforation it was found that at least 29 patients ( 30 %) had 
taken cathartics, enemas, or both, prior to admission to the hospital. In 
four instances the laxatives were prescribed by physicians. In seven cases 
patients had been seen by an outside physician Avithout the correct diagnosis 
being suspected and with resultant delay in treatment. 

A study of the preoperative temperatures, pulse rates, and leucocyte counts 
showed that in 63 cases ( 65 %) the initial temperature was over 100, but 
in only 36 patients ( 37 %) was the pulse rate that high. This picture is quite 
different from that of the ulcer group. The difference is a predictable one, 
however, when one considers that the relatively low temperature and rapid 
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pulse rate of the ulcers is a reflection of the more severe peritoneal irritation 
commonly associated with that type of perforation. The leucocyte counts in 
the appendicitis group ranged from 6,400 to 29,400 with 62 (64%) of the 
counts between 10,000 and 20,000. 

Spinal anesthesia was used in all 97 cases. The abdomen was entered 
through a right lower quadrant muscle splitting incision in 70 patients, -a 
right rectus incision in 23, and in three instances the type is not recorded 
in the operative report. An inguinal incision was used in one case in which 
the appendix had perforated into a right indirect inguinal hernial sac and 
in which the preoperative diagnosis was strangulated hernia. 

In Table IX the cases are listed according to the type or extent of intra- 
peritoneal infection associated with the appendiceal perforation. In 18 (19%) 
of the cases a generalized or perhaps better termed, <a spreading peritonitis 
was found. In 23 (24%) the process was apparently localized. In 37 instances 
(38%) a true abscess was found and in 10 cases contamination was due to 
rupture of the appendix during its removal. Appendectomy was performed 
in 78 cases (80%). 

Table IX. — Associated Intraperitoncal Injection — Perforated Appendices 
Classification No. of Cases Per Cent of Group 

Generalized Peritonitis 18 19 

Localized Peritonitis 23 24 

Abscess 37 38 

Contamination due to perforation 

on removal 10 10 

Not accurately recorded 9 9 

Local antibiotic or chemotherapy, usually 5 Gm. of sulfanilamide, was 
used in 71 patients (73%). In two instances 100,000 units of penicillin was 
instilled locally. Of the cases in which this local therapy was not practiced, 
nine were abscesses, 12 local or spreading peritonitis, and five were ap- 
pendices ruptured during removal. 

Seventy cases (72%) were drained. Drainage was usually by Penrose or 
cigarette drains to the appendiceal site. Drains were placed also in the right 
lateral gutter and pelvis in several cases in which these latter areas were 
actually or potentially infected. The majority of undrained cases were those 
with local or spreading peritonitis or those in whom the appendix had been 
ruptured during removal. Only two abscesses were closed without drainage. 

Cultures taken at operation add little to the study, with E. Coli the pre- 
dominant organism throughout. 

In 71 (73%) of the patients penicillin was administered at an initial 
dosage level of 100,000 units every two hours. The duration of treatment 
at this level ranged from one to 26 days with an average of 5.3 days. Twenty 
of the group received smaller initial dosages of penicillin postoperatively. Six 
patients in whom contamination of the peritoneal cavity was minimal, including 
three with appendices ruptured during removal, received no penicillin post- 
operatively. Twelve of the group were treated with 5 Gm. of sodium sulfa- 
diazine intravenously in addition to the postoperative penicillin. 
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Complications are listed in Tabic X. The incidence of pulmonary com- 
plications is very low (I'^o) with only one case of transitory atelectasis. 
Infection occurred in two McBurney incisions which were not drained and in 
three right rectus incisions associated with drainage through a stab wound. 
Pelvic abscesses developed in six cases. Three required surgical drainage 
and three perforated or subsided spontaneously. Three of the six were 
diagnosed as a localized peritonitis at the original operation, one as a spreading 
peritonitis, one an abscess, and in one case the appendix was ruptured during 
removal. All had received sulfanilamide locally; three had been drained and 
three not drained. 

There were two postoperative gastro-intestinal hemorrhages in the group. 
One occurred as melena and gross hematemesis in a 73 year old man with 
widespread peritonitis. He bled down to an er 3 dhrocyte count of 1,300,000 
before the hemorrhage ceased spontaneously. Studies including roentgeno- 
logical examination of the gastro-intestinal tract during convalescence failed 
to reveal the source of the bleeding. 


Table X. — Coiiip}icalio)is — Perforated 

Tjpe Ro. of Cases 

Pulmonarj' 1 

Wound 5 

Pelvic Abscess 6 

Thrombophiebitis 1 

Penicillin Reaction (Urticaria)... 1 

Gastrointestinal Hemorrhage 2 


Appetidiccs 
Per Cent of Group 
1 

5 

6 
1 

1 

2 


The second case of hemorrhage resulted in the only postoperative death, 
a mortalit}’^ rate of 1% for the ruptured appendices, and 0.12% for the entire 
group of 815 appendectomies. This patient, an 18 ,year old male, had a per- 
forated appendix with localized peritonitis. The appendix was removed and 
the crushed stump was inverted in the cecum without ligation. The patient 
died of a concealed massive intestinal hemorrhage on his fifth postoperative 
day. At autopsy the source of bleeding was found to be the unligated appendi- 
ceal stump. This unfortunate death must be attributed to this fortunately 
little used technic which increases the danger of just such a complication. 

COMMENT 

It is our opinion, based on clinical impressions, that inclusion of penicillin 
therapy in our routine postoperative ti'eatment of perforated peptic ulcers 
and perforated appendices has contributed measurably to the low mortality 
and low morbidity rates for the two groups. Complications due to spread 
of the existing infection or development of new infectious processes were 
almost entirely eliminated. In only one of the two ulcer deaths did infection 
play a part and this was an overwhelming peritonitis from the start. The 
one death from appendicitis was in no way related to infection. True, there 
were several residual pelvic collections in the two groups, but even some of 
these subsided spontaneously under continued penicillin therap)^ Primarily 
infectious pulmonary complications were rare. The most noteworthy observa- 
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lion was tlie complete absence of wound suppuration in the ulcer group. This 
is in striking contrast to our past experience with these cases and to the 
incidence of wound infection reported by others.“> ^ 

It may justifiably be asked ivhy we have not presented a control series 
with which to compare our data for a more accurate evaluation of the 
contribution of penicillin to our results. Such a series is not obtainable. 
Comparison with similar groups of cases treated at this hospital in the pre- 
penicillin era introduces too many additional factors which have been added 
to our routine postoperative regime. These include earlier ambulation and 
oral feeding, more intensive vitamin therapy, and an increasing use of whole 
blood plasma, serum albumen, and the protein hydrolysates. 

SUMMARY 

1. This report is based on 18 months experience with penicillin as an 
integral factor in the routine postoperative treatment of perforated peptic 
ulcers and perforative appendicitis. 

2. Penicillin was given parenterally in large doses (usually 100,000 units) 
at short intervals and maintained at this dosage level for days or even weeks 
in those cases in which the slightest indication for continuation of therapy 
persisted, 

3. In a group of 42 ruptured ulcers there were two deaths; a mortality 
rate of 4,8%. There were only two wound complications in the group, neither 
primarily infectious. 

4. There were 97 perforated appendices in a total series of 815 appendec- 
tomies. There was one death ; a mortality rate of 1 % for the ruptured 
appendices and 0.12% for the entire group. 
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RESURFACING PROCEDURES IN COMPOUND INJURIES OF 

LOWER EXTREMITIES 

Michael L. Lewin, M.D. " ” 

New York, N. Y. 

In the recent war, military surgery of the extremities dealt with a great 
number of compound injuries. Most of them were the result of gunshot 
wounds, mine explosions, etc., and presented a kind of injury seen relatively 
infrequently in civilian life. These injuries were characterized by extensive 
destruction of all layers of tissue, both the superficial and deep structures, 
skeleton and soft tissues alike. 

Improved methods of controlling infection and more efficient surgical 
management were responsible for preserving many severely damaged extrem- 
ities which might otherwise have been sacrificed. To rehabilitate these ex- 
tremities and restore them to a maximum of useful function was the task of 
specially designated Army hospitals. This was accomplished through the 
combined planning and work of the three reparative surgical specialties — 
orthopedics, neurosurgery, and plastic surgery. 

The cases referred to the Plastic Surgery Section presented extensive 
deep scarring which was either unstable or in such a location that it precluded 
any essential surgery on the deep structures. Some cases had temporary skin 
grafts and others showed indolent ulcerations. In almost 50% of the cases 
which came to resurfacing, some sort of bone graft to correct nonunion was 
anticipated. Other procedures for which resurfacing had to be done were 
osteotomies for malunion, arthrodeses (often combined with bone grafts), 
tendon transfers, and nerve sutures. These operations required an adequate 
exposure of the involved structures, and their success depended largely on 
primary healing of the operative wound. Extensive scar tissue did not with- 
stand such operative trauma. Furthermore, a bone or tendon graft or a nerve 
suture needed the protection of a well vascularized soft tissue pad and did not 
do well in a mass of avascular fibrous tissue. 

The plastic surgeon’s task was two-fold ; to supply a stable and adequate 
tegumental layer and/or to create conditions favorable for major procedures 
on the deep structures. 

The procedures used in accomplishing these ends were : 

1) Free skin grafts 

2) Flaps 

a) Contiguous 

b) Direct flaps from the opposite extremity, or 

c) Distant flaps from the trunk 

To plan the surgical treatment of the individual patient, the simplest 
possible method was selected which would fulfill the requirements of the case 

t Submitted for publication, June 1947. 

* Cases from Cushing General Hospital. 

** Former Major M.C., AUS. 
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with a minimum of additional scarring and discomfort. 

The main purpose of this discussion is to evaluate the relative merits oi 
each method and its adaptability to specific problems. Since the standard 
technics are well known, only the fundamentals of the procedures and those 
modifications which were found to be of substantial assistance will be 
emphasized. 



Fig. 1. — ^The split skin graft. (A) Extensive scarring and ulceration on anterior and 
lateral surfaces of distal portion of leg and foot as a result of gunshot wound. Comminuted 
fracture of the tibia and fibula drained for a prolonged period of time. However, fractures 
healed, and there was no roentgenographic evidence of bony infection. There was spon- 
taneous fusion of ankle joint. (B) The whole scarred area was excised. Two bony cavities 
filled with granulations were encountered. They were curetted and packed. Defect was 
covered with split graft which Avas perforated over packing. Four weeks later when bone 
cavities were filled with firm granulations, two small split grafts were added. All grafts 
took well, and no further surgery was necessary. 


FREE SKIN GRAFTS 

The free skin graft of intermediate thickness offered the simplest and 
ordinarily a one stage procedure for treating compound injuries. However, 
it had a limited field of usefulness. While the grafts took well on a fibrotic 
base, in the presence of deep scarring, they adhered intimately to the under- 
lying structures. In the absence of a soft tissue pad, particularly over bone, 
they remained unstable and had a tendency to form indolent ulcerations. They 
were used, however, in some instances where further exploration of the 
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area was not anticipated (Fig. 1). Occasionally they were combined with 
Incal flaps (Fig. 2). Ill sucli instances the flap was reserved for selected 
locations, like the denuded bone oi tendons, the graft covering the surrounding 
area. Free skin grafts were used routinely with all extremity flaps to covei 
the secondary defect. Since there was a muscular pad under these donor sites, 
the grafts offered an adequate and stable cover. 

Thin Thiersch grafts were used extensively for temporary resurfacing 
(Fig. 8A). They could be procured easily, and their source was almost un- 
limited. Early “skin dressing” of wounds which could not be closed by sutu'rc 
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Fig. 2. — Sliding flap combined with a split skin graft. (A) Extensive scarring and 
chronic ulceration over external malleolus. (B) Scar was e.xcised and e,xposed bone was 
chiselled off. Denuded bone was covered with a posterior sliding flap. Posterior donor 
area as well as remaining anterior portion of defect was resurfaced with a split graft. 
In this case one procedure, a combination of contiguous flap and free graft, obviated the 
necessity of a large cross thigh flap which would require multiple stages and prolonged 
hospitalization. 


was an established surgical principle. In the treatment of localized osteomy- 
elitis, so frequent in gunshot wounds of the bone, temporary thin grafts were 
used after sequestrectomies or saucerizations, though it was apparent that 
in most of the cases more adequate resurfacing would ultimately be needed. 

FLAPS 

A flap was indicated wherever, in addition to the skin, a soft tissue pad 
was needed. This pad served to replace a mass of avascular tissue and became 
a protective as well as a A'^ascularizing factor in its new location. Striking 
examples of this were cases of non-union where a healthy callus began to form 
as soon as the scar tissue between the fragments ivas replaced Iw a soft 
tissue pad. 

Ulcerations or the presence of small granulating areas were not incom- 
patible wdth the application of flaps. However, inflammatory reaction, drainage. 
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the presence of deep sinuses, or massive edema were containdications for 
resurfacing with a flap. In such cases, temporary thin grafts helped to get the 
extremity in condition for further surgery. 

In all cases of osteomyelitic infection, the flap was delayed for a few 
months after the drainage had ceased, so that a flare-up of the infection 
would be unlikely. The recurrence of infection underneath a flap leads to 
sinus formation, chronic drainage, filirosis and shrinkage of the flap, and 
may necessitate a repetition of an involved procedure, besides wasting the 
most favorable source of the flap. 

A B 



Fig. 3.— Rotation flap combined with iliac bone graft. (A) Post-osteomyelitic bony 
cavity in a proximal portion of the tibial shaft. Cavity had narrow opening and was 
completely epithelized with a thin Thiersch graft a few months previously. Surrounding 
skin was scarred. Delayed rotation flap based in the popliteal region. (B) After tem- 
porary skin graft was thoroughly removed and bony walls freshened, the cavity was 
filled with iliac bone chips. Surrounding scar was excised and replaced with the 
prepared flap. Donor area grafted. 

Closure by approximation after 'excision of a scar was seldom possible. 
The size of the scar was often misleading. When the scar was excised and 
normal tension was restored, the borders of the wound retracted, often doubling 
or tripling the defect. 

CONTIGUOUS FLAPS 

A classical method of dealing with excessive tension is a relaxation incision. 
Such an incision, combined with complete undermining of the bridge of skin 
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between it and the defect, forms a bipedicled sliding flap (Fig. 2). The sliding 
flap was particularly applicable to long, relatively narrow defects along the 
anterior border of the tibia. When the defect was more square or round, a 
rotation flap was indicated (Fig. 3). Such a flap had only one pedicle, acquired 
more mobility, and could adapt itself better to depressions and uneven surfaces. 
It could be rotated 30-120 degrees, as long as any strangulation of the pedicle 
was avoided. 
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Fig. 4. — Delayed cross thigh flap (A) Soft tissue loss along medial and anterior 
suiface of mid-third of leg. Non-union of tibia with loss of substance. Adequate resurfac- 
ing was essential before a bone graft could be undertaken. (B) Flap on ^opposite thigh 
after two stage delaying (17 cm long and 12 cm wide). ” 

Rotation flaps were based proximall)- or distall}’ (retrograde). The latter, 
as well as the retrograde cross extremity flaps, did not exhibit any unusual 
difficulty of venous return (Fig. 5b, 5d). 

The secondary defect, left by the sliding or rotation flap, was reduced by 
undermining the posterior skin edge, advancing it, and basting it down with 
a row of subcutaneous sutures. The remaining part of the defect was always 
skin grafted. Closure of the secondary defect was not attempted since it would 
place the flap under tension and so jeopardize its vitality. 

The contiguous flap had the advantage of simplicity, limitation of surgery 
to the injured extremity, and avoidance of uncomfortable immobilization. 
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However, it could be used only when the skin around the defect Avas intact 
and a large enough flap could he obtained adjoining the defect. Furthermore, 
there were a great number of extensive injuries of the lower extremities, com- 
bined with non-union of the hone of the distal portion of the leg, where local 
flaps had a limited field of usefulness. In this location the blood supply was 
poor. Little skin and subcutaneous tissue was available under the best cir- 
cumstances, and the secondary free graft was more vulnerable. 
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Fig. 4. (C). — Both extremities immobilized in plaster which was not changed or 
renioA'cd for three w'ceks until flap was to "be severed. Window was made on twelfth day 
for inspection. Use of sulfanilamide powder over wound within the layers of gauze helped 
absorb secretion and eliminated decomposition. Patient usuallj' required sedation for first 
72 hours because of pain in flexed knee. There AA'as little complaint thereafter. It Avas 
helpful to install a Balkan frame from which the extremities could be suspended. Patient 
could use trapeze to changp position in bed by himself despite weight of plaster. (D) Flap 
set in. 


CROSS EXTREMITY FLAPS 

Whenever a contiguous flap of adequate size and thickness could not be 
obtained, the opposite extremity offered the next best choice as a source of 
flaps. In compound injuries of the distal tAvo-thirds of the leg. the cross 
extremity flap Avas most frequently used. In our opinion a direct open flap, 
if it could be done according to the principles described beloAv, Avas preferable 
to a tubed flap. Tubing and untubing of flaps and provisions for their transfer 
required planning for much larger flaps than the defect called for. The 
numerous stages Avould be time consuming and held the possibility of com- 
plications AAdiich might jeopardize the aa'IioIc plan. 
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The tube was very helpful when a direct transfer was not feasible and 
when the flap had to be protected from shrinkage and infection during inter- 
mediate steps. Immediate skin grafting of the donor area and, if desired, of the 
undersurface of the pedicle eliminated the granulating surface or kept it to 
a minimum. With proper dressing technic, (Fig. 4c) maceration was avoided, 
the discharge controlled, and the postoperative care greatly simplified. Purulent 
infection was practically non-existent. (It is difficult to evaluate to what 
extent this was due to the routine use of sulfanilamides or antibiotics.) 
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Fig. 5. — Undelayed cross thigh and cross leg flaps. (A) Defect along medial surface 
of tibia. Thigh flap 9 cm. long and 7 cm. wide for resurfacing of defect on medial surface 
of leg preparatory tc^bone graft for non-union. (B) Retrograde flap on medial surface of 
leg 10 cm. long and 7 cm. wide for resurfacing of extensive scarring and persistent fissure 
on sole of foot. Note that flap was allowed to contract in order to fill depth of defect. 

In designing our flaps, the aim was always to keep the pedicle as wide as 
possible. The length of the flap was never more than one and one half times 
its width (Fig. 4). If feasible, the width of the flap exceeded its length 
(Fig. 5e). An attempt was always made to bring the recipient area into such 
approximation to the source of the flap, that the whole flap, or its major 
portion could be inserted at the first operation (Fig. 5). This plan limited the 
procedure to one major operation during which all the dissection was per- 
formed. It also assured an adequate blood supply to the flap after severance 


72 



Voluiirc rJS 
StinilKi 1 


RESURFACING PROCEDURES COMPOUND INJURIES 


C 



Fig. 5. (C). — Oblique flap based along popliteal line 10 cm. long and 8 cm. wide to 
resurface fissure on heel. Heel was previously resurfaced elsewhere with a cross thigh 
flap. However, flap did not unite with skin on sole of foot, and a persistent fissure 
developed e.xtending down to bone. (D) Retrograde flap from thitrh 13 cm. wide and 
12 cm. long for resurfacing of defect on anterolateral surface of leg. (E) Widely 
pedicled horizontal cross leg flap. 
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of the pedicle. The remaining steps were of a minor nature. 

This procedure could be followed in the majority of our cross extremity 
flaps only by utilization of a variety of sites on the leg or the thigh. Medial, 
lateral and posterior surfaces of the proximal two-thirds of the leg and the 



Fig. 6 — Cross thigh and cross leg flaps for resurfacing of a bilateral 
deformity. (A) Amputation of all toes bilaterally as a result of frostbite 
Scarring and ulceration over forefoot. (B) Undelayed retrograde flap from 
medial surface of opposite leg was used for right foot. ' 
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Fig. 6 (C). — Retrograde undelayed cross thigh flap from anteromedial 
surface of thigh was used for left foot. Thigh site was preferred for left 
foot, because much larger flap was required to cover defect on this foot. Flap 
also had to cover a considerable portion of the plantar surface. Because of 
poor blood supply of the foot and the necessity of carrying about 50 per cent 
of flap for plantar surface, severance of flap was preceded by a delaying opera- 
tion. (D) Final result: Skin grafted donor areas on right thigh and left calf. 
Note two small scars within flap on right, as a result of superficial ulceration. 
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lateral and anterior aspects of the thigh were frequently used. The presence 
of a well developed fascia layer facilitated dissection and ofifered-an excellent 
bed for the skin graft. Flaps were never cut across the popliteal space or 
along the anterior aspect of the leg where a skin graft would be vulnerable. 
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Fig. 8. (C). — Transfer of tube to knee region. Note wide attachment 
of tube away from scarred area in order to encourage revascularization of 
tube. (D) After final insertion of tube. This procedure required seven minor 
and major operative stages. 

Experience demonstrated that most of the small or medium sized flaps did 
not need to be delayed (Fig. 5, 6b). However, when the flap was large or 
whenever there was any doubt about the adequacy of the circulation, delaying 
was essential (Fig. 4, 6c). 
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Rigid immobilization o£ the legs in plaster relieved tlie patient of any acute 
discomfort after the initial period of 48-72 hours (Fig. 4c). The less the 
knee was flexed the more comfortable was the immobilization. This consid- 
eration favored the use of leg flaps. On the other hand, there was less 
hesitation in removing large flaps from the thigh than from the leg. 

All distant flaps must develop a completely new blood supply before they 
are detached from their original site. Therefore it was essential to excise all 
the scar tissue in order to allow the flap to join with healthy tissue. Very 
small flaps did not do well since they did not have an adequate opportunity 
to develop a new blood supply. Small defects were enlarged by allowing the 
surrounding skin to retract or, in some instances, by sacrificing normal skin. 

The pedicle was severed in about three weeks. If the final insertion of tlie 
flap required any appreciable dissections, it was delayed for seven to ten days 
after the severance of the pedicle. Otherwise the circulation of the free portion 
of the flap might have been endangered. 

Minor complications of cross extremity flaps were superficial ulcerations 
as shown in Fig. 6d, or delayed healing at the time of the insertion of the 
pedicle. These, however, did not jeopardize the results. Major complications, 
such as full thickness losses were very infrequent. Of 33 cases of cross 
extremity flaps, whose records were available for review, one case required 
an additional cross leg flap. The loss involved the proximal portion of a small 
flap when an attempt was made to insert it at the time of the severance of the 
pedicle. In two cases, small losses were replaced by local rotation flaps. In a 
few other cases, a revision of the scar was undertaken in preparation for a 
bone graft before the patient was referred to the orthopedic department for 
further surgery, 

DISTANT FLAPS 

In several instances neither a contiguous flap nor a cross extremity flap 
was applicable. The required flap was so large that it could not be taken 
from an extremity. Defects over the proximal part of the leg along the lateral 
surface could not conveniently be brought into close approximation with a 
satisfactory source of flap on the opposite extremity. The desirable donor 
areas were sometimes damaged in previous operations, or one of the opposite 
extremities might have been amputated. Removal of the flap from the 
amputation stump was hazardous, since the remaining skin graft might not 
withstand the friction and pressure from the bucket of the artificial limb. In 
cases of ankylosis of the knee joint in the involved extremity, a cross leg flap 
could rarely be used. In all these instances, a distant flap from the trunk was 
indicated. It was our opinion that this method should be used only as a last 
resort, since it required multiple stages, considerable time, and subjected the 
patient to uncomfortable immobilization. 

The tube flap offered the safest and most convenient form for transferring 
tissue from a distance. When the flap was of moderate size, an oblique 
abdominal tube was formed which allowed for primary closure of the donor 
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area. When large tubes were needed, the thoraco-epigastric variety was pre- 
ferred, and the underlying surface on the abdomen and chest was skin grafted. 
The tube was then attached to the distal portion of the forearm for migration 
into its new location. The management of such a case is shown in Figure 8. 

In the majority of our cases the resurfacing completed only one phase of 
the treatment. It was the orthopedic surgeon who most frequently took further 
responsibility for the rehabilitation of the patient. The plastic surgeon remained 
available to advise on the precautions necessary to safeguard the flap and to 
assure primary healing after the operation on the deep structures. 

Many of the subsequent complications following bone grafts, arthrodesis, 
etc. could be traced back either to an inadequate flap or to ill-planned incisions 
and exposures in the presence of a satisfactory flap. Close cooperation between 
the specialties produced better understanding of each other’s problems and 
helped to avoid many of these complications. 

SUMMARY 

The importance of adequate resurfacing in the rehabilitation of compound 
injuries of the lower extremities is emphasized. Several procedures are 
described with particular attention to their comparative merits and limitations 
in meeting the requirements of individual cases. Skin grafts, contiguous flaps 
and flaps from the trunk are discussed. Since the cross extremity flap was 
most frequently used as a preliminary to further orthopedic procedures, its 
design and essential points of technic are elaborated, 
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invasion has occurred. This is of much greater importance in the male, for 
the interposition of the uterus together with the broad ligament and ovaries 
in the female renders vesical invasion from colonic malignancy less likely.® 
Where bladder invasion is found either at cystoscopy or during operation, the 
location of the invaded area will determine whether the situation is “operable” 
or not. When the dome of the bladder, or its posterior wall is involved, partial 
resection of the bladder may be performed and the bladder closed preferably 
about a cystostomy tube, although often the surgeon is able to close the bladder 
completely, providing urinar}^ drainage via a catheter placed urethrally. Any 
pocedure wherein a portion of the bladder is resected necessarily adds to 
the operative risk. 

Carcinomatous invasion of the trigonal area of the bladder, the prostate 
or seminal vesicles produces in most cases an “inoperable” condition and 
removal of the bowel malignancy is generally impossible. However, it is 
entirely possible that more radical surgery will make these cases “operable”; 
abdominoperineal resection of the rectosigmoid together with total cystectomy 
and removal of the prostate and seminal vesicles may be performed. In such 
a situation, of course, it would be necessary to transplant both ureters to the 
left colon above the site of resection. This indeed would be a formidable 
surgical attempt, but no doubt will be performed frequently in due time. 

Deliberate bladder surgery in cases of malignancy of the rectosigmoid, 
however, is totally different from the inadvertent injury to the bladder wall 
which may occur incidental to the operative procedure on the colon. In the latter 
instances, a suture may accidentally be taken through the bladder wall ; with 
subsequent necrosis of the tissue involved in the suture, a small opening 
appears in the posterior vesical aspect and urinary drainage reveals itself in 
the wound. Such drainage occurs approximately 10 to 14 days postopera- 
tively and where the bladder defect is not a huge one, conservative manage- 
ment is indicated and spontaneous healing of the urinary^ fistula occurs. The 
bladder must be kept in a contracted state, and the urine diverted for a 
minimum of two weeks following appearance of the urinary drainage. Differen- 
tiation of vesical drainage from ureteral fistula must, of course, first be made 
by urography and cystoscopy. 

In our series of 15 cases of urinary complications occurring in 100 opera- 
tions for left colon malignancy, there was one instance of inadvertent bladder 
injury with resultant vesicoperineal fistula ; spontaneous healing occurred with 
conservative management. 

Case 2. PGH No. J-80224. A 63-year-old gardener complained of frequent bloody 
stools of 3 months’ duration. A mass was felt at the tip of the rectal examining finger. 
Biopsy revealed the mass to be adenocarcinoma of the rectum. A preliminary colostomy 
was performed, followed one month later by abdominoperineal resection of the rectosig- 
moid colon. At operation, there was no apparent extracolonic spread of the carcinoma, 
and no difficulties were encountered in removing the colonic segment. Twelve days fol- 
lowing the latter operation, clear urinary drainage appeared from the posterior wound 
several days after the patient was voiding without difficulty. Intravenous urography was 
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performed, and the cystogram disclosed urinary drainage from the left lateral superior 
border of the bladder (Fig. 2). An indwelling urethral catheter was relied upon for 
constant bladder drainage, and intermittent bladder lavage was performed. No further 
urinary drainage from the perineal wound was noted, and 18 days after discovery of the 
vesico-perineal urinary drainage, the urethral catheter was removed with no subsequent 
drainage or other urinary problem. 

VESICAL DYSFUNCTION 

Probably the most distressing and certainly the most frequent urinary 
complication after pelvic colon surgery is the problem of the bladder which is 
unable to empty itself and/or which becomes infected. Twelve of the 15 cases 
in our series were of this character; these cases ranged from severe upper 
urinary tract infection to serious symptoms of cystitis accompanied by urinary 
retention and, in four cases, another operative procedure, namely transurethral 
resection of the prostate had to be performed before “cure” could be 
accomplished. 



Fig. 1. Fig. 2. 

Fig. 1. Case 1. — Obstruction to passage of catheter in ureter and extravasation of contrast 
substance indicating ureteroperineal urinary fistula. 

Fig. 2. Case 2. — Cystogram disclosing extravasation of contrast substance from defect in 

cephalad aspect of bladder. 

The majority of these cases occurs where perineal dissection is performed 
and in males (in our series of bladder dysfunction, 9 out of the 12 patients 
were male). The reason for the preponderance of males will be seen in the dis- 
cussion below. The most prevalent theory for explanation of bladder dysfunc- 
tion IS that of injury to the autonomic nervous system during mobilization and 
excision of the distal colon. Undoubtedly this factor plays an important role 
in the inability of the bladder to empt}'^ itself postoperatively, but one cannot 
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ascribe the entire cause to this single factor. Other important ctiologic elements 
are: (1) direct trauma to the bladder, (2) prostatic obstruction, and (3) post- 
operative sagging of tl)e bladder. It is our belief that no one element can be 
singled out as l/tr cause of the bladder dysfunction seen in these patients, and 

t 

that all in concert, perhaps with one factor more prominent than the rest, act 
to prevent normal bladder function postoperatively : 



1. Dir'ecf violence to the bladder , — In any procedure in which mobilization 
of the distal colon is performed, there is bound to be a certain amount of 
“tearing” of the posterior wall and base of the bladder with resultant edema, 
which of itself would undoubtedly inhibit normal bladder activity. In the 
female, obviously, because of the interposition of uterus, broad ligament, tubes, 
ovaries and vagina, the bladder is less likely to suffer such trauma and the 
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resultant incidence of bladder dysfunction for this reason alone would be much 
lower than in the male. All in all, however, trauma to the bladder does not 
play a major role in postoperative vesical dysfunction. 

2. Nerve injury . — Postoperative bladder atony is generally ascribed to 
severance of the autonomic nerves during the operation dissection. The nerve 
supply to the bladder consists of the presacral nerves (sympathetic fibers 
arising from spinal cord segments Lumbar 2, 3, 4, 5) and the pelvic nerves 



Fig. 4. — Representation of the anatomic distribution of the autonomic nerve 

supply to the bladder. 


(parasympathetic fibers from spinal cord segments Sacral 2, 3, 4) ; these unite 
to form the hypogastric plexuses which lie on the pelvic floor, one on each side 
of the rectum. The sympathetic nerves are less important regarding bladder 
action than are the parasympathetic fibers, the latter having the function of 
stimulating the bladder musculature to contract (Fig. 3 and 4). Where injury 
to these nerves occurs, the bladder becomes unable to contract forcefully, 
becomes progressively atonic, thus inviting infection. In such cases, postopera- 
tive C3'stometric readings show a flattened curve of intravesical pressure with 
the patient s first desire to void present onh* after the bladder is filled with 
ver}" large amounts of fluid. 
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Dissection of the rectum with great attention to staying close to the rectal 
wall would perhaps obviate damage to the autonomic plexuses. In this regard, 
it is interesting to note that Bacon^ reports low incidence of vesical dysfunction 
following proctosigmoidectomy; his technic preserves the anal sphincter 
musculature and, consequently, there is no extensive perineal dissection and 
formation of a large posterior wound as in the typical Miles abdominoperineal 
resection. This undoubtedly lessens nerve trauma and thus postoperative 
bladder function is less likel}' to suffer. 

3. Posterior sagging of the bladder — is said by Marshall et aF to play a 
significant part in the patient’s difficulty to void postoperatively. Support to 
the bladder and prostate in the form of the rectum and sigmoid is absent after 
the colon resection ; consequently, the bladder and vesical neck sag backward, 
thus producing dysuria. This would certainh’ help to explain why vesical dys- 
function is less frequent in the female, inasmuch as support to the bladder 
would still be given Iw the broad ligament, tubes and uterus even after removal 
of the rectosigmoid. 

4, Vesical neck obstruction . — As we see it, the obstruction to urinary out- 
flow in the form of prostatic intrusion or median bar is the most important 
determinant in the problem of bladder dysfunction following colon surgery. 
Even where the patient prior to operation gives no history of difficulty in 
voiding, the status postoperatively may be completely changed : we now have 
a bladder musculature which has been weakened by trauma to the nerves 
supplying it, competing with an obstructive lesion at tlie neck of the bladder. 
Whereas preoperatively, the bladder was “compensated” in its ability to force 
urine out over a relatively unimportant obstruction at the vesical neck, post- 
operatively, the bladder becomes “decompensated” and is unable any longer 
to overcome the same obstructive factor. Anatomically, the amount of tissue 
which acts as an obstruction may be minute, as it was in one case requiring 
transurethral resection of the vesical neck where 1 .6 Gm. of tissue was resected, 
or on the other hand, true prostatic enlargement may be present as it was in 
another case wiiere 80 Gm. of tissue had to be removed in order to establish an 
adequate waterway. The following case will illustrate the characteristic sequence 
of events where vesical neck obstruction is present : 

Case 3. PGH No. K-13322. A retired printer, 72 years of age, who gave a history 
of slight .prostatic obstructive symptoms of several years’ duration was operated upon for 
adenocarcinoma of the rectum ; abdominoperineal resection was performed. After removal 
of the routinely used inlying urethral catheter on the fourth postoperative day, the patient 
was unable to void. During the subsequent week, though he was able to void with some 
difficulty, a large residual urine remained in the bladder and urologic consultation was 
requested 15 days after operation. Cystoscopy was performed with findings of a median 
bar plus very slight intrusion of both lateral lobes of the prostate. Transurethral resection 
was performed, with removal of six Gm. of prostatic tissue. Two days after the resection, 
on removal of the catheter, the patient was able to void with a good stream and completely 
empty the bladder. There have been no subsequent urinary symptoms and examination 
shows no residual urine. 
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management of postoperative vesical dysfunction 

As is true of almost every problem, prevention would obviate a great deal 
of distress and in this situation of vesical dysfunction one can, to a great 
extent, spare the patient much postoperative difficulty. First of all, though the 
rectal symptoms may be so pronounced as to overshadow every other com- 
plaint of the patient, it must be the object of the physician to specifically inquire 
concerning urinary tract symptoms and to ferret out the presence of any 
bladder problems. Where a history of urinary difficulty is present, urologic 
survey and cystoscopy should be done preoperatively. In the presence of 
obstruction of the vesical neck, transurethral resection should be performed 
prior to colon surgery. 

Even in the absence of symptoms suggesting bladder neck obstruction, it 
might nevertheless be wise to pursue the policy of preoperative cystoscopy, 
particularly in those male patients where rectal examination shows the prostate 
to be larger than normal. In many of these patients, cystoscopy will reveal 
obstruction which should be removed by endoscopic means before the colon 
lesion is attacked surgically. 

Postoperative managernent commences in the operating room with the 
insertion of a soft rubber catheter of the self-retaining type. This should be 
small in calibre, either No. 16 F. or No. 18 F. Because any catheter which is 
permitted to remain inlying for longer than 24 hours inevitably and invariabh 
leads to urinary infection and because over 90% of these infections are due 
to coliform organisms, a sulfonamide should be given prophylactically. (We 
prefer to give either sulfathiazole or sulfadiazine Gm 0.5 every 4 hours with 
equal amounts of sodium bicarbonate. Sulfathalidine should be administered 
both pre- and postoperatively. ) Bladder lavage with any suitable solution 
should be done at least three times daily. 

In order to overcome the effect of operative trauma to the autonomic nerves 
supplying the bladder, administration of a parasympathetic stimulant drug is 
wise; we have found the most effective to be mecholyl bromide in dosages of 
200 mg. t.i.d. 

After approximately five days of the above regimen, the urethral catheter 
should be removed. Subsequently, although the patient may he able to void 
spontaneously, he should be catherized at the end of an eight hour period 
and the amount of residual urine determined. If this amount is greater than 
100 cc., the catheter should be reinserted for several more days, and the re- 
sidual urine determined again at the end of that period of time. Where a large 
residual urine and difficulty in urination persist, cystoscopic examination should 
be performed ; further therapy, including the possibility of transurethral resec- 
tion, will depend upon cystoscopic findings. 

Attention to the program outlined above, we believe, will be of considerable 
help in obviating much vesical discomfort to the patient following his colon 
surgery. 
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SUMMARY 

Urologic complications of surgery of the descending colon, particularly in 
abdominoperineal resection are more frequent than is commonly acknowledged, 
with 15 % of the cases in our series sufficiently serious to warrant management 
by the urologist. 

The majority of these urinary tract complications occur in males, and in- 
clude injury to the ureter with resultant ureteral fistula, trauma to the bladder 
causing vesical urinary fistula, and vesical d3'’sfunction. The latter is the most 
frequent of these urinary tract complications. The necessity for immediate and 
complete urologic investigation is emphasized when urinary drainage appears 
in the wound, to the end that renal function may be spared in cases of ureteral 
fistula. 

The most important factors productive of postoperati\’e bladder disability 
are trauma to the pelvic autonomic nerve plexuses supplj-ing the bladder, and 
obstruction at the vesical neck. A program of management in the prevention 
of vesical dysfunction is presented, including preoperative cystoscopy where 
indicated and transurethral resection of the vesical neck obstruction where 
such is found either pre- or postoperatively. 
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SACROCOCCYGEAL TERATOMATA IN INFANCY 
A REPORT OF SIX CASES ** 

William Riker, M.D. and Willis J. Potts, M.D. 

Chicago, III. 

from the department of surgery, the children’s memorial hospital, CHICAGO, ILLINOIS 

Teratomas and tumors containing structures of trigeminal origin, 
duplicating with varying degrees of development almost any tissue or organ 
in the body. They tend to occur along the long axis of the body, especially 
at its poles. Teratomas of the saci ococc\'geal region are relatively uncommon : 
less than 100 have been reported in the literature. 

In the past 30 years at the Children’s Memorial Flospital, seven such 
tumors have been observed. One of these cases, containing a well formed 
scapula, was reported by Dr. A. H. Montgomery in 1922.^ The remaining six 
cases are now presented. 

CASE REPORTS 

Case 1 — History. J. S., a white girl, 11 months of age, was admitted to the Cliil- 
dren’s Memorial Hospital January 5, 1935. At birth a soft tumor was noted at the base 
of the spine e.xtending into the buttocks, on the right more tlian on the left. This mass 
had never been tender or inflamed but gradually doubled in size. There was no weakness 
or loss of sensation in the lower extremities. 

E.vamination. Physical examination was essentially negative except for the tumor 
mass over the lower sacral region e.xtending into the buttocks. It was soft, irregular in 
contour, and about the size of a grapefruit. The skin over it was tense with bluish 
discoloration in the midline. The lower extremities were normal. The blood count and 
urinalysis were normal. Roentgen-ray examination revealed no abnormality in the spine 
and no bone was seen in the tumor mass. 

Operation. Under ether anesthesia a transverse incision was made across the tumor, 
exposing an encapsulated mass. This was dissected free and removed. Tiie defect in the 
pelvic floor was repaired by suture of the levator ani muscles and the wound closed in 
layers without drainage. A transfusion of 250 cc. of whole blood was given immediately 
following surgery. The wound healed well and the patient was discharged on the twenty- 
first postoperative day. 

Pathologic Report. The specimen consisted of an encapsulated oval mass, weighing 
280 Gms. On the surface was a coiled piece of intestine 20 cm. long witli its own 
mesentery. It contained material having the gross appearance of meconium. TIic central 
portion consisted of fat fibrous tissue and small areas of cartilage. One section suggested 
corpus luteum or adrenal cortical tissue. 

Microscopic sections revealed fatty and fibrous tissue with scattered structures resem- 
bling adrenal glands, fallopian tube, gastric mucosa, renal pelvis and a fully deveIo])ed 
portion of small bowel wall. 

A diagnosis of nonmalignant teratoma was made. 

Course. One year after surgery a mass was noticed in the right buttock at the 
operative site. This gradually increased in size. Tour roentgen-raj' treatments were 
given. On March 13, 1936, tlie patient was readmitted to t!ic hospital. Examination 
revealed only the mass described above. The following da}’ the scar and an orange-sized 
cystic mass were removed. It was rather firmly adherent to the rectum. .Another trans- 
fusion had to be given. 

* Submitted for publication, September 1947. 
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Pathologic Report. The specimen was a firm, 5x6.5 cm., poorly encapsulated mass, 
containing cysts, firm fibromyxomatous tissue and areas of pink, softer tissue. One area 
was soft and bright yellow and another contained cartilage. 

The microscopic sections showed columnar cells with a tendency to acinar formation, 
proliferating fibroblasts, smooth muscle and embryonal fat. The diagnosis was recurrent 
teratoma with malignant changes. 

On June 20, 1936, the tumor had recurred in the same area and was removed again. 
The patient’s family cannot be contacted to discover the outcome of this case but it is 
presumed that she died of recurrence. 

Case 2. — History. C. Z., an 11 -day-old white female was admitted March 4, 1937. 
At delivery a mass had been noticed in the region of the left hip and back. It had slightly 
increased in size. The bowels moved frequently and on two occasions blood was passed. 



Fig. 1. — Case 2, on admission to liospjtal. 


E.mmination. Theie \\as a large cystic mass in the sacrococygeal area, pushing the 
rectum forward and displacing the anus to the left. (Fig. 1.) The cyst transilluminated 
and seemed to contain a ballotable mass. Roentgen-ray examination revealed areas of 
increased density in the mass but no spina bifida. (Fig. 2.) To rule out meningocele, 30 cc, 
of turbid strawcolored fluid w'ere aspirated from the tumor. There was no sinking of the 
fontanelle but following aspiration Iiard masses could be felt in the tumor. 

Operation. On March 12, 1937, a skin incision was made along the upper border of 
the mass and the skin flap reflected downw'ards. The cyst contained yellow fluid and two 
small hard masses. It w'as dissected free from its attachment in the region of the sacrum 
behind the rectum. Tissue in this region w'as white, hard and gristle-like. The w'ound 
was closed in layers and drained. 

Pathologic Repot t. The specimen consisted of_a cyst w’all and two hard masses of 
tissue. 

Microscopic sections revealed brain tissue, cartilage, bone, fatty areolar tissue, fibrous 
reticulum and sebaceous glands. One section resembled the floor of the lateral ventricle of 
the brain. Another revealed epithelial structures simulating renal pelvis and tubules. 

Course. The wound healed and the child w'as discharged on the thirty-first post- 
operative day. Roentgen-ray therapy was given. 
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On December 16, 1937, the child was readmitted for constipation followed by diar- 
rhea, abdominal distention and vomiting of two days’ duration. Examination revealed 
the bladder above the umbilicus. In addition, rectal examination revealed a large, soft, 
non-tender mass lying in the hollow of the sacrum, pushing the rectum forward. There 
was a’ small mass above the operative scar in the sacral region. 



- — X-ray of same patient (Case 2) showing areas of calcifi 
cation in the soft tissue mass. 


91 


p r , kn 




4A7 j 


Ports 




^^^’ned 


Vv. 


■sacrg/ 


^^eion 






P 




4^:. .-il’i-«4- V vb' :;y. 









»»Pe4'» 'fe 4 i”" °« 06 .; ; » W,e .. , -J. 

^®forv , >%,* ;>• ’ "'xf/i 4, ^ijcrlit 

eio, ° (he , ' ^ konj ^ /arg. 

T'/jp ..^’^fi-ram^. 


^''nrnp 








^>-Cd u 
''OSfc;-,V 


-' :i- . '- - 

• ,, '"‘ '- i? 

"'"" ‘CtS'- n/S '-“"o* 

92 count 




“ '“WmS"’*™'* 

jjjrf r, Cv.cf.v 



Volnm'C li!S 
Nmnlier 1 


SAQ'^OCOCCYGEAL TERATO.MA 


Operation. Tlie day following admission a large nudtilocular cyst -was removed 
fr( 5 m the sacrococcygeal region. The child was given 110 cc. of whole blood in the 
(jlierating room. The wound healed well and the child wa.s di.scharged the .seventh 
postoperative day. 

Patholocjic Report. The specimen consisted of an irregular lobulated mass Ilx9.5x 
4 cm. and weighed 280 Gm. Some portions were cystic; other portions were solid. The 
capsule was 2 mm. thick. The largest cyst was 4.5 x 4 x 2 cm. and contained thin, yellow 
fluid. The microscopic sections revealed smooth muscle, cartilage, bone, adipose, tissue, 
squamous epithelium and nervous tissue. One section revealed glandular tissue with 
papillary features. The epithelium was pleomorphic with irregular nuclei and disorderly 
atypical mitosis. 

A diagnosis of teratoma with an area of embryonal carcinoma was made (Fig. 3.) 

Course. On January 10, 1943, the patient was readmitted with the history of recur- 
rence of the tumor above the healed incision three weeks previously. This mass had 
increased in size and the patient had lost four pounds of weight. Examination revealed 
a firm, fixed bluish lump the size of a walnut above the incision over the sacrum. This 
was resected and the wound healed well. 

Pathologic Report. The specimens consisted of two yellowish gray pieces of tissue 
l/4x lJ^xlJ/4". The miscroscopic section revealed cartilage, 'adipose and fibrous tissue 
and glandular tissue with less mitosis than the tumor showed jireviously. 

No trace of this patient can be found. It is probable that she also died of recurrence 
of the tumor. 

Case 4 — History. J. C. was a full term white baby girl. One week after a normal 
delivery a small tumor had been felt in the left buttock. It grew rapidly in size and at 
the age of two weeks the child developed urinary retention and was taken to another 
hospital. Catheterization did not relieve the abdominal distention, so a laparotomy was 
performed. It was reported that rupture of the bladder and peritonitis were found. The 
bladder was repaired and drained through a urethral catlieter. A small biopsy was taken 
from a large mass lying in the pelvis behind the bladder. Microscopic sections revealed 
“nerve tissue having the appearance of brain tissue.” Two weeks later the mass in the 
buttock was removed. The child made a fairly good recovery and at the age of two 
, months was admitted to the Children’s Memorial Hospital on May 12, 1941. 

E.vaniinatiou. The infant was poorly nourished. Her abdomen was distended. A hard 
mass could be palpated rising out of the pelvis and lying posterior to the rectum. A small, 
indurated, healed wound was present on the left buttock under which could be felt a 
large firm mass, extending into the 'hollow of the sacrum. There was an indwelling 
urethral catheter. Intravenous pyelograms disclosed an enlarged bladder and hydro- 
ureters. The hemoglobin was 85 per cent; the red blood cell count was 4,300,000; the 
urine contained four plus albumin, numerous white blood cells and an occasional red 
blood cell. 

Course. Roentgen-ray therapy was given but produced no decrease in the tumor size. 

Microscopic examination of a biopsy of the mass in the right l)uttock revealed dense 
fibrous tissue containing cystic spaces lined witli squamous, low cuboidal and tall columnar 
epithelium. In some areas there were papillary projections. Tliere was evidence of 
reaction to irradiation, the bladder function returned to normal and the child was dis- 
charged in good condition, although tlie tumor on the buttock was gradually increasing 
in size. 

On September 12, 1941, the child was readmitted with the acute intestinal obstruction 
and died 24 hours later. 

Postnwricin Findings. The examination was limited to the reopening of the surgical 
incisions. There was a large, multiloculatcd, cystic tumor rising retroperitoneally in the 
abdomen, 2 cm. above the umbilical level and c.xtcnding down between tbe rectum and 
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saciuin into the buttock It was attached by firm fibrous adhesions to the coccyx. Cut 
sections revealed cystic cavities varying markedly in size and in the thickness of their 
walls. Scattered among the cysts were several white, granular, homogenous nodules and 
areas of soft, pinkish gray tissue. In addition there was bilateral hydronephrosis, hydro- 
ureter and ascites. 

Microscopic sections showed cystic spaces lined with epithelium similar to those found 
on biopsy. Some areas resembled gastric mucosa and one section appeared to be pancreatic 





Fig. 4. — Case 5. on admission to hospital. 



Fig. S. — Case 5, three months postoperatively, 
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tissue. There were large aggregates of atypical ganglion cells and nerve fibers in colla- 
genous connective tissue. Peri-aortic nodes showed no metastasis. A diagnosis of teratoma 
without evidence of malignant changes was made. 

Case 5 — History. M, was a white female, one day old, weighing seven pounds, two 
ounces, admitted to the Children’s Memorial Hospital on June 1, 1946. At birth a large 
tumor attached over the sacrum was noted (Fig. 4). 

Examination. The infant was normal except for a large, irregular tumor lying over 
the lower sacral region. It was covered with skin except for a small ulcerated area. 
Urinalysis and blood count were normal. Roentgen-ray examination revealed no bony 
pathology in the spine but the tumor mass 8 x 12 cm. could be visualized containing areas 
of calcification. The diagnosis of sacrococcygeal teratoma was made. 



i ^ 

Fig. 6. — Cross section of tumor removed from Case 5. 

Operation. The tumor was removed the same day. A circular incision was made 
about the base and the mass dissected free. It extended behind the rectum into the hollow 
of the sacrum. Considerable bleeding was encountered and the infant went into shock. 
Rapid transfusion of 250 cc. of whole blood revived the patient and the closure of the 
wound was completed. 

Pathologic Report. The tumor measured 12x10x5 cm. and weighed 320 Gm. It 
contained cysts and calcified areas at the base. Near the skin surface were dark red 
lobulated masses and firm round nodules (Fig. 6). 

Microscopic sections revealed glial tissue and some areas resembling choroid plexus, 
fatty tissue with nodules of cornified squamous epithelium and sweat glands with bodies 
having the appearance of hair. Fibrous tissue contained cells varying in size, shape and 
staining reaction with some mitosis and occasional giant cells. Other sections revealed 
cartilage, smooth and striated muscle and pseudostratified columnar ciliated epithelium. 
A diagnosis of teratoma was made. 

Course. Recovery was uneventful and the wound healed well. The patient was 
discharged on the eighteenth postoperative day. At the present time the patient is healthy 
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and sliowh no recurrence of tlie tumor (Pig. 5). 

Case 6 — History. J. T., a month old white female was admitted to the ho.siu’tal 
October 26, 1944, for constiiiation due to a congenital anal .stricture and a liard mass in 
the right buttock present for three days. 

Examinaiiou. There was an anal stricture and a rectovaginal fistula. The right 
buttock was swollen, hard and tender and one week later pus drained spontaneously from 
the intergluteal fold. Two months later the abscess reformed and was incised. 

Course. A draining sinus remained in the sacrococcygeal area. Frequent rectal dila- 
tations were necessar}^ On July 26, 1945, a colostomy was performed. A year later the 
child was readmitted. 

Operation. On July 31, 1946, an incision was made in the sacral region and a cystic 
structure was found imbedded in dense scar tissue. This c.vtcnded down toward the 
sacrum and was dissected free. Attached to it was a second, smaller cyst which was 
likewise removed. Some clear fluid escaped which resembled spinal fluid. The wound 
was closed in layers without drainage. 

Pathologic Report. The specimen consisted of a dumbbell-shaped piece of tissue 
5x2 cm. containing a cj'st with a smooth lining and filled with milky fluid. Micro- 
scopically the C 3 'st was lined with stratified squamous epithelium surrounded by dense 
fibrous tissue. Other areas showed columnar epithelium, loose my.xomatous connective 
tissue and nerves. One area contained ganglion cells imbedded in a fibrillar network 
resembling neurologial tissue. A diagnosis of a benign teratoid tumor was made. Because 
no structures of entodermal origin could be found, the tumor more closely resembled a 
dermoid cyst. 

Course. The wound healed well and there has been no recurrence to date. The 
rectovaginal fistula is to be repaired soon. 

DISCUSSION 

Incidence. — Calbet^ stated that congenital tumors of the sacrococcygeal re- 
gions occur once in 34,582 births. Teratomas represent only a very small per- 
centage of these tumors. 

The tumors are thought to be invariabl}’- present at birth and about 90 
per cent of them are recognized at that time. Very few remain unnoticed until 
adult life. A large percentage of the patients are stillborn or die shortly after 
birth. Because of their size, these tumors may cause dystocia.® 

Chaffin'* reports that 75 per cent of the patients with these tumors are 
females. In our series all six of the cases were female. 

In the past 30 years there have been a little over 600 tumors examined 
pathologically at the Children’s Memorial Hospital. Seven of these were 
sacrococcygeal teratomas, giving an incidence of approximately one per cent 
of all tumors in this hospital. 

Origin . — The origin of those tumors is the only really controversial aspect 
of teratology. Two main theories have been advanced. 

1. Parthenogenic development of the individuars primitive germ cells 
might give rise to these tumors as is suggested l)y the experimental work of 
Bosarus*’’ Avith stimulation of unfertilized frog ova. These germ cells migrating 
from the primitive streak of the genital ridge could lodge in the sacrococcygeal 
region. Similarly, in early embiyonic life a blastomere resulting from seg- 
mentation might begin its own development remaining attached to tlie main 
embryo and becoming incorporated in it. If the former occurred, the teratoma 


96 


vounw 12S ■ SACROCOCCYGEAL TERATOMA 

Numl)or 1 

would reprcscnl an oO'spring while in the lallcr case it would be a twin. It is 
easy to believe that sacrococeygeal teratoma arc rudimentary organ masses 
representing an ill-developed pygopagns twin. 

2. Other authorities believe that these tumors are not fetal implants but 
arise primarily from cells already present in the sacrococcygeal region in 
normal embryonic development such as the postanal gut and the neurentcric 
canal. The close approximation of nervous, intestinal, bony and connective 
tissue elements in this region is supposed to explain the development of tumors 
containing structures from all three germ layers." 

Chaffin suggests that temporary adhesions between the fetal rump and the 
amnion may cause formation of teratomas. 

Pathology . — ^Teratomas are usually lobulated tissue masses with cystic and 
solid areas and may contain tissue or malformed organs representing any 
structure in the body. The most common contents are epithelial lined cysts, 
connective tissue, ganglion cells and other nervous elements, intestinal mucosa, 
bone and cartilage. Infrequent tissues are liver, pancreas, kidney, testicle, 
ovary and chorionic epithelium. Malignant changes will be discussed below. 

Clinical Features . — Teratomas of this region always have their origin rc- 
trorectally and are attached to the coccyx or sacrum.*'' From there they usually 
grow downward and posteriorly into the buttocks, displacing the anus forward 
and to one side. They may also extend upward behind the rectum into the 
abdominal cavity. 

The tumors vary in size from a scarcely noticeable lump to a huge mass 
interfering with bodily function. They are covered with skin but often have 
ulcerations or fistulae. They may be cystic or solid but usually contain areas 
of both. Bone may be felt within the tumors and occasionally peristalsis can 
be observed. Upon stimulation, muscular twitching may be present. 

Aside from local examination, it is important to examine the abdomen for 
evidence of extension of the mass producing urinary or bowel obstruction. 
Rectal examination will reveal the extent of pelvic growth and the degree of 
fixation to the rectum. Roentgen-ray is helpful in showing the presence of 
bone or teeth and in determining spinal development. Aspiration of cystic 
areas in the tumor is of doubtful help and often leads to infection and fistula 
formation. Other congenital anomalies are frequently present. 

DifferoitiaJ Diag)wsis . — Other causes of a mass in the sacral region may 
be meningocele, hernia, abscess, chordoma, dermoid, lipoma, myoma, angioma, 
myeloma, sarcoma, tuberculosis of sacrum or rectal carcinoma. The last few 
would be extreinel}^ rare in infants. 

An accurate diagnosis is necessary in order to determine the proper 
treatment. 

DeVeer and Browder’^ have emphasized several points to differentiate a 
teratoma from a meningocele. The latter is smaller and does not increase in 
proportion to the infant growth as does a teratoma. A meningocele is covered 
by a translucent membrane whereas a teratoma is covered with skiu. The 
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rectum is not often displaced by a meningocele but it i-s by a teratoma. There 
is usually evidence of communication between a meningocele and the spinal 
canal such as expansion of the tumor with coughing and crying or bulging 
of the fontanelle upon compression of the tumor. Neurologic signs in the lower 
extremities are more often associated with a meningocele. A roentgenogram 
of the spine showing s])ina bifida, also suggests meningocele. 

The possibility of the tumor being a rare type of hernia may necessitate 
a barium meal study to demonstrate continuity of the bowel in the abdomen 
and in the tumor. 

Complications. — 1. Malignancy — Sacrococcygeal teratomas develop malig- 
nant changes in about 15 per cent of the cases. In 1942 Lisco*^ collected 12 
cases of malignancy from the 72 teratomas reported up to that time. In our 
own series, cases I and III contained definite malignant elements and developed 
local recurrences of the tumors. 

Usually only one tissue of the teratoma becomes malignant. This resembles 
a sarcoma as to the method of spread and tendency to local recurrence.’’ 
Pathologically, however, the malignant areas usually are cither papillary car- 
cinomas or neoplasms of neural origin. 

Rapid growth of a teratoma does not necessarily indicate malignancy be- 
cause growth of the tumor usually parallels that of the child. I'he presence of 
well-formed bony structures, inu.scular twitching or bowel with peristaltic 
activity indicates a benign tumor.’" 

2. Ulceration, infection and fistula formation may develop as occurred in 
case II and case VI. 

3. Obstruction of tlie rectum or lower urinary tract may occur if the tumor 
expands in the hollow of the sacrum. This has been noted frequently in 
medical literature”- and occurred in case II and IV. 

4. Very rarely hypersection of some endocrine gland in the teratoma may 
produce generalized effects. Rhoden’-’’ reported a case of precocious sexual 
development which he thought was due to the secretion of the adretial cortical 
tissue in the teratoma. 

5. The position and large size of some teratomas may become a nuisance 
and discomfort. A case reported by Brines” had a very large tumor containing 
rudimentary arm and hand bones that made sitting or walking quite difficult. 

Treatment . — It is agreed that complete excision of the tumor as early as 
possible is the treatment of choice. More and more cases of successful removal 
of teratomas have been reported in the past few years. Ojieration in the first 
year of life gives better results as to recurrences and mortality than if surgery 
is postponed until later life.’ Postoperative radiation therapy may also be 
given especially if pathological examination reveals malignant elements. 

Pearse" emphasizes that the posterior approach is the best because : 1 ) com- 
plete removal of the tumor with resection of the coccyx, if necessary, is more 
easily accomplished ; -2) the peritoneal cavity- is avoided; 3) hemorrhage is 
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controlled more readily; 4) local recurrences in the scar are easily seen and 
treated. All the cases operated upon at this hospital have been approached 
posteriorly. 

It is interesting to note the degree of shock that usually accompanies the 
removal of these tumors. Some authors mention that shock seemed out of pro- 
portion to the blood loss.’”- The reasons for this may be several. A large 
vascular bed is being removed. The region from which the tumor is removed 
is normally quite vascular and hemostasis is difficult. Also, the degree of blood 
loss in infants is deceptive. A few blood-dampened sponges may represent a 
large fraction of the baby’s blood volume. 

It will be noted that in several of our cases a transfusion was necessary 
during or immediately after the operation. In case V the infant would have 
succumbed were it not for rapid replacement of blood loss. In this case a 
transfusion of 250 cc. of blood was given. Considering the weight of the 
patient, this represents almost a complete replacement of the total blood volume 
of the infant. 

It has been our practice in all such major procedures to insert a cannula 
into the long saphenous vein at the ankle and attach to it intravenous tubing 
and a three-way stopcock to which is connected a 50 cc. syringe and a Salvarsan 
flask with a Murphy drip tube. During the operation physiologic saline 
solution is allowed to drip slowly to keep the system open. If necessary, 
citrated whole blood can be poured into the flask and pumped into the patients’ 
vein quite rapidly by means of the syringe. 

SUMMARY 

1. Six previous!}^ unreported cases of sacrococcygeal teratomas are pre- 
sented. All of these were females below the age of one }'ear. Removal of the 
tumor was attempted in five cases. Malignancy and recurrence occurred in 
two cases and probably a third. One child died as the result of pressure of the 
tumor causing urinar}'^ and bowel obstruction. Two cases are living and well 
one year after surgery with no evidence of recurrence. 

2. Some clinical aspects of these tumors are reviewed with emphasis on 
treatment by early and complete surgical excision via the posterior route. 

3. A well-known but not widely used method of giving a rapid, often life- 
saving, transfusion during operation is described. In the removal of these 
tumors as well as many other major operations on infants the survival of the 
child may depend on the ability to replace rapidly a serious blood loss. 
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Investig-Vtion of the gross anatomic relations of the cervical and uppei 


thoracic portions of the sympathetic trunk was -undertaken in an attempt to 
evaluate the various methods of injection for interrupting the sympathetic 
impulses to the head. Thirty-three cadavers were dissected to determine the 
typical relations of these parts of the S3Tnpathetic nervous system. These 
observations have been correlated with those made during injections by various 
methods to block the flow of sympathetic impulses to the head. 

Several methods have been described by which the flow of sympathetic 
impulses from the upper thoracic and lower cervical segments may be inter- 
rupted temporarily by injection of various anesthetic agents.^'*^ Most of this 
work has been stimulated by the need of satisfactory therapeutic measures for 
vasospastic diseases of the upper extremities. Such transient interruption of 
sympathetic impulses not only is valuable therapeutically but is of aid in 
predicting the reaction to surgical interruption of the pathways in question. 

Since, in blocking this portion of the sympathetic outflow, the usual goal 
has been to produce temporarily the conditions present in a sympathectomized 
extremity, the various methods of injecting the inactivating solutions have been 
directed toward the cervicothoracic ganglion. This is the most strategic point 
to attack in order to cut off sympathetic impul.^es to the upper extremity by 
such an injection. This ganglion also is a point through which the majority 
of the sympathetic impulses to the head must pass (Fig. 1 ), although only a 
small percentage of such impulses is relayed to ganglionic neurons at this level. 
Therefore, it is not surprising that, in those diseases which respond favorably 
to interruption of the sympathetic nerve supply to the head, a technic identical 
to that employed in blocking sympathetic impulses to the upper extremity 
generally is used. 

A review of the neuro-anatomy involved in the transmission of the impulses 
is essential for an adequate estimation of the problem. The majority of pre- 
ganglionic fibers which carry sympathetic impulses to the head issue from the 


central nervous S3’^stem via the anterior roots of the lower cervical and upper 
thoracic spinal nerves (Fig. 1 ). There is evidence that a few such fibers 
arise from as low as the fifth or sixth thoracic segmenU and probably man3^ 
preganglionic fibers emerge in the lower cervical nerves in a l arge perre nf-ao-p 
Submitted for publication, December 1947. 
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uf cabes. The latter undoubtedly are of considerable inii)orlance in transmitting 
sympathetic impulses to the head. Most of these fibers destined to transmit 
impulses to the head ascend the sympathetic trunk to terminate in the superior 
cervical ganglion. However, some such fibers pass through this ganglion to 
synapse on scattered small nests of nerve cells located in close relation to the 
large arteries. The nerve impulses upon reaching the superior cervical 
ganglion or other peripheral cell station are relayed via ]50stganglionic fibers 
(Fig. 1) to the effector units, i.e., a smooth or cardiac muscle or gland cells. 



Fig. 1.— Diagram showing synaptic relations of sympathetic fibers to the head. 

The postganglionic fibers of the superior cervical ganglion as well' as a few 
postganglionic fibers from more inferiorly located ganglia, a small number of 
accompanying sensory fibers, and the few preganglionic fillers which pass 
through the superior cervical ganglion form practically all the fibers of the 
external and internal carotid plexuses and their subsidiary plexuses. These 
fibers supply the blood vessels of the face, scalp and most of the brain as well 
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as the other smooth muscles and many of the gland cells of the head. The 
majority of the postganglionic sympathetic fibers for the head, which do not 
arise from cells of the superior cervical ganglion, have their origin in the 
upper middle cervical ganglion; a smaller number arises in the lower middle 
cervical ganglion, and still fewer from the cervicothorocaic ganglion (Fig. 1). 
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gaiLgllon 
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transverse process\;^j| 
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Lower middle cervical iL -v^v 
Sa.n§llon "ii# 


Vertebral artery 

Cervicotlioracic 

^axi^lion 


Second Tlioracic 
^an^lion 



^.87 cm. 


> 4.0 cm. 


Fig. 2. — Diagram showing average distance of superior cervical 
and cervicothoracic ganglia from transverse process of sixth cervical 
vertebrae and average distance of sympathetic trunk from the lateral 
aspect of the sixth cervical transverse process. 


The postganglionic fibers from the upper and lower middle cervical ganglia 
and the cervicothoracic ganglion with the preganglionic fibers for the middle 
cervical ganglia and the superior cervical ganglion and a few sensory fibers 
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form the major part of the cervical portion of the sympathetic trunk. Some 
postganglionic fibers for the head, as those of the common carotid plexus, 
extend upward in close relation to the common carotid artery, and a few travel 
superiorly along the vertebral artery and terminate in its area of distribution. 
Most of the impulses which travel along the common carotid and vertebral 
plexuses as well as those which traverse the cervical sympathetic trunk pass 
through the cervicothoracic ganglion. 

Thus, it is obvious that injection of an anesthetic agent about the cervico- 
thoracic ganglion is an effective method of blocking the sympathetic impulses 
to the head. It interrupts not only most of the impulses which travel via the 
cervical sympathetic trunk but also man)'’ of those passing along the common 
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Fig. 3. — Cross section of neck sliowing relations of sympathetic trunk. 


carotid and vertebral plexuses. However, most of the fibers which form the 
intracranial extension of the cartoid and vertebral plexuses undoubtedly join 
them as segmental branches from the upper part of the cervical portion of 
the sympathetic trunk. 

Although infiltration of the cervicothoracic ganglion is a benign procedure, 
it seems less so to the patient than injection of the sympathetic trunk at a 
higher level and actually is accompanied by several potential complications 
not shared by the latter method. These include, principall)^ puncture of the 
apex of the lung, trauma to a portion of the brachial plexus with subsequent 
pain in the upper extremity, neck, or thorax, and puncture of the large i^essels 
of the lower portion of the neck and upper part of the thoracic regions. 
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The sympathetic impulses to the head can be efficiently interrupted tern-, 
porarily by injection of procaine hydrochloride or other suitable anesthetic 
agent about the cervical portion of the sympathetic trunk. Such an injection 
can be done relatively painlessly. The greater ease with which the cervical 
sympathetic trunk can be infiltrated is an advantage. It can also be done 
with speed and exactness because of certain anatomic relations. It should be 
noted that the close approximation of the cervicothoracic ganglion to the 
posteromedial aspect of the vertebral artery and to the subclavian artery 
almost completely obviates its actually being injected without transfixing one 
of these vessels with the needle. The various technics described for blocking 
the impulses which pass through the ganglion actually are methods of infiltra- 
tion. The chances for occurrence of complications are reduced by introducing 



Fig. 4. — Method of palpation of tubercle of transverse process 
and insertion of needle. 

the solution at a comparatively high level as described by de Sousa Pereira^ 
and Caldwell and Broderick.® However, this also reduces the effectiveness of 
the block as far as the upper extremity is concerned unless a relatively large 
amount of the anesthetic agent is used. The average distance of the upper 
pole of the cervicothoracic ganglion from the middle of the anterior surface 
of the sixth cervical transverse process in our anatomic studies was found to 
be 4.0 cm. on the right and 4.2 cm. on the left (Fig. 2). This distance ranged 
from 2.7 to 4.8 cm. on the right and from 3.0 to 4.9 cm. on the left. 

The principal factor in favor of successful inactivation of the cervical 
sympathetic trunk by injection is the relation of this part of the sympathetic 
trunk to the carotid tubercle and the anterior tuberosity on the transverse 
process of the fifth cervical vertebra. Examination of other anatomic relations 
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in this area demonstrates amply why this technic is uniformly successful. The 
sympathetic trunk at the level of the fifth and sixth cervical vertebrae lies on 
the longus colli muscle, medial and slightly anterior to the fibers of the scalenus 
anticus muscle in a small compartment formed by the splitting of the pre- 
vertebral fascia. It is posteromedial to the carotid sheath and its contents 
(Fig. 3). The latter structures can be palpated easily at this level just deep 
to the anteromedial margin of the sternocleidomastoid muscle. It is a simple 
matter to retract the contents of the carotid sheath laterally and palpate the 
carotid tubercle of the tuberosity on the anterior surface of the transverse 



Fig. S. — ^Diagram showing relationship of the needle to the sympathetic 
trunk and adjacent structures. 


process of the fifth cervical vertebra. Frequently, it is even easier to palpate 
these tuberosities by retracting the sternocleidomastoid muscle and the contents 
of the carotid sheath medially (Fig. 4). It should be stressed that at this level 
the sympathetic trunk is separated from the vagus nerve by the relatively 
tough carotid sheath and part of the prevertebral fascia, and from the phrenic 
nerve by the latter fascia as well as the fascia of the scalenus anticus muscle. 
The recurrent laryngeal nerve also .is well isolated from the sympathetic trunk. 
When the upper middle cervical ganglion is present, as it has been in approx- 
imately 75 per cent of the bodies examined, it lies at or slightly below the 
sixth cervical transverse process in the majority of instances. It should also be 
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pointed out that the roots of the brachial plexus and the vertebral artery at this 
level are safe from injury by a penetrating needle because of their separation 
from the sympathetic trunk by the transverse process. The inferior thyroid 
artery is medial to the sympathetic trunk at the level of the sixth cervical 
transverse process, having crossed behind the trunk at the level of the seventh 
cervical segment. 

In all 66 dissections the sympathetic trunk lay on the longus colli muscle 
anterior to the carotid tubercle. The average distance of the trunk from the 
lateral margin of this transverse process was 0.50 cm. on the right and 0.44 cm. 
on the left (Fig. 2). This measurement ranged from 0.1 to 1.2 cm. The 
average distance of the lower pole of the superior cervical ganglion from the 
middle of the sixth cervical transverse process was 4.87 cm. on the right and 
4.73 cm. on the left (Fig. 2). This distance varied from 3.9 to 6.9 cm. on the 
right and from 3.2 to 6.0 cm. on the left. In 50 of the 66 dissections, the an- 
terior tuberosit}^ (carotid tubercle) of the sixth cervical vertebra was more 
prominent than the anterior tuberosity of the fifth cervical vertebra. In the 
remainder, either the process of the latter segment was the larger or they 
were so nearly equal in size that either might have been palpated with equal 
ease. It is recommended that the injection be done at the level of the most 
easily palpable tuberosity. 

It is evident from the anatomic data collected that the tuberosities of the 
transverse processes of the fifth and sixth cervical vertebrae are ideal landmarks 
to utilize in blocking the sympathetic impulses to the head. The trunk at these 
levels may be approached from a point immediately anterior or just posterior 
to the sternocleidomastoid muscle. The former may be referred to as the 
anterior and the latter as the anterolateral approach to the cervical sympathetic 
trunk. In practice it has been found that the anterolateral approach usually 
is more satisfactory. The reverse may be true if the sternocleidomastoid muscle 
is exceptionally wide and well developed. The injection is facilitated by having 
the patient assume the supine position with the head flexed and turned slightly 
to the opposite side. This makes the bony landmarks easily accessible to the 
palpating finger even in an obese person. Flexion of the head increases the ease 
with which the carotid sheath and its enclosed vessels and nerves may be 
retracted .and diminishes the discomfort of deep palpation in this region. 
Thus, the sympathetic trunk is made readily accessible to injection without 
danger of penetrating the vessels of the neck or the more medially located 
trachea, esophagus and thyroid gland. 

In a slender patient the entire procedure may be performed with a small 
hypodermic needle or only a skin wheal may be made with this type needle 
followed by insertion of a 21 gage venous puncture needle. The skin wheal 
usually is made along the posterior border of the sternocleidomastoid muscle 
opposite the fifth or sixth cervical transverse process. The needle is then 
inserted and advanced until it is in contact with the lateral surface of the tip 
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of the transverse process, then withdrawn slightly and reinserted along the 
anterior surface of the tuberosity (Fig. 5). The injection is performed at a 
depth of approximately 0.5 cm. from the lateral extent of the transverse 
process. Needless to say, prior to injection, aspiration should be attempted 
to ascertain that a blood vessel or the subarachnoid space has not been entered. 
Owing to the oblique direction of the intervertebral foramen in the cervical 
region, it is practically impossible to insert a needle into the subarachnoid 
space from the site of injection along the posterolateral border of the sterno- 
cleidomastoid muscle unless it is directed upward as well as medially. This 
need never be done. It is much more likely that this space might be entered 
by the anterior approach. In either case the importance of preliminary 
aspiration should never be forgotten. The injection may be done, but usually 
with less ease and with more discomfort to the patient by retracting the sterno- 
cleidomastoid muscle and the carotid sheath and its contents laterally, and 
the trachea or larynx, esophagus and th 3 Toid gland medially. Blocking the 
cervical sympathetic trunk by this anterior approacli, as well as by the 
anterolateral approach, is made easier by performing the injection at the level 
of the most prominent tuberosit}' on the anterior surface of the cervical trans- 
verse processes. At either level and with either approach the most important 
step in the entire procedure to insure a successful injection is that the bony 
landmark be well identified with the palpating finger ])efore the needle is 
inserted, A typical Horner’s syndrome usually appears after injection of from 
3 to 5 cc, of a one per cent solution of procaine h 3 ^drochloride. However, to 
prolong interruption of the S3nnpathetic impulses, 8 to 10 cc, may be injected. 
If the latter quantity is used, it is not advisable to do a bilateral block because 
there may be dyspnea and palpitation due to some infiltration of the phrenic 
and vagus nerves. 

This technic has been used approximatel 3 '’ 350 times on a total of 205 
patients over a four year period and rarely has it failed to produce a well 
defined Horner’s syndrome. Also in no instance has there been a sequel of 
any significance. Occasionally, a patient will complain of pain when the 
needle is inserted because of irritation of a nerve of the cervical or brachial 
plexus. Hoarseness, due to concomitant infiltration of the recurrent laryngeal 
nerve, is encountered infrequently. It should be remembered that the injection 
may cause a slight tissue reaction, and after three or four infiltrations, if 
fairly large quantities of the anesthetic agent have been used, the patient is likely 
to complain of soreness about the site of injection. The local increase in vascu- 
larity accompanying the inflammatory reaction, as well as the hypertrophy of 
adjacent lymphoid tissue, may slightly complicate a surgical procedure on 
the cepical portion of the S3anpathetic trunk if this follows a series of 
injections. 

In conclusion, it may be stated that infiltration of a suitable anesthetic 
agent about the S5mipathetic trunk at the level of the tuberosities of the fifth 
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or sixth cervical transverse processes is an efTcctive means of blocking the 
sympatlietic impulses to the head. This can be done b}' the anterior or 
anterolateral approaches as described. The latter has been found to be more 
generally satisfactory. 
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While studying the operative technic which could be used in cases 
of large defects of the n. radialis, we first devoted our attention to the develop- 
ment of a practical method of transposition of the ends of the nerve on the 
anterior surface of the arm beneath the in. hicep.^. This method of transposition 
enabled us to repair defects up to 6 cm. (Lurje, 1947). 

In the course of such operations we had to jilace ends of radialis in the 
interstitial space between iu. biceps and m. hrachialis and in this operative 
field the musculocutaneous nerve was always seen below the point where it 
supplies HI. coracohrachialis and gives off branches to m. biceps. In the middle 
of the arm the nerve gives off its more or less constant large upper branch 
to m. brachialis. We often observed that in the lower half of the arm, n. vtus- 
cnlocutaneus gave oft' also 1-2 branches to in. brachialis and 1 or .2 small 
branches to m. biceps (the latter less constantly). In the elbow bend, laterally 
from the bicipital tendon, musculocutaneous nerve occasionally gave off the 
lower thin branch to in. brachialis and then became n. cnfanciis antibrachii 
lateralis of the forearm. Because of considerable difficulty in stretching the 
ends of the n. radialis which have been transposed onto the anterior aspect of 
the arm, and being in doubt whether the central end of the nerve would be 
able to neurotize its peripheral end due to considerable tension, we have twice 
decided, in addition, to implant brachial branches of n. ninscnlocntanens into 
the peripheral end of the n. radialis. No technical difficulties were encountered 
in performing the implantation. Sections of n. innsculocnfancns immediately 
below the origin of the main branches to in. biceps and above the lower branches 
to in. brachialis, does not affect considerably the active flexion in the elbow. 
This nerve can therefore be used as a neurotizer (nerve donor) in the lower 
half of the arm without further essential impairment to motor function. 
M. biceps, with its nerve supply intact, compensates entirely the lost function 
of the denervated part of in. brachialis. This consideration led us to believe 
that 11 . innscnlocutaiieus, after being sectioned in the indicated place, can be 
used for neurotization of n. radialis by end-to-end suture, in cases of very 
large defects of the latter nerve which are located in the upper two-thirds of 
the arm and higher up in the axilla, when the method of transposition of the 
ends of 11 . radialis onto the anterior aspect of the arm cannot be used m 
dealing with diastasis. It is essential for the above operation that the uppei" 
end of the peripheral section of it. radialis be located not less than 6-7 cm. 

* Submitted for publication, October 6, 1947. 
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above the external condyle of the humerus. Under such circumstances im- 
plantation end-to-end of n. mnsculocuiaiieus into the peripheral section of 
77 . radialis can be accomplished without any tension if the n. radialis is first 
brought out between the fibres of m. brachialis into the interstitial space 
between the latter and m. biceps. 

Anatomic studies carried out in the department of topographic anatomy 
(Director; Prof. Richter) showed that the branches of n. musculocutaneus 
in the space between m. biceps and m. brachialis in the lower half of the arm 
arise at varying levels. One large branch is given off to m. brachialis fairly 
constantly at the level of the middle of the arm or a little higher. This sub- 
stantial branch can be isolated, if necessary sectioned as low as possible, and 
used as such for implantation into the peripheral end of n. radialis, especially 
when 77 . musculocutaneus in its lower section gives off only a few motor fibres 
to 777. biceps and m. brachialis. 

During the operation it is therefore desirable to examine ii. musculocu- 
taneus as far upwards as the borderline between the upper and middle third 
of the arm, in order to obtain a clear picture of the type of its branching 
and to determine what motor elements can be used for neurotization of 
77. radialis. This examination should be accomplished without excessive skele- 
tization of the nerve or destruction of its relations with the adjacent tissues 
and with full preservation of its blood supply. Since large defects of n. radialis 
usually occur in the middle third of the arm where tlie nerve lies close to 
the bone, the peripheral end of the nerve in most cases is long enough for a 
successful operation. It should be pointed out that in cases of large defects 
of 77. radialis, operative technic requires the use of two incisions in order to 
make possible the isolation of both ends of the nerve. The first incision, 
described by Richter, is made in the upper third of the arm on its internal 
surface — for isolation of the central end of the nerve and estimation of the 
extent of the defect. The second incision is made along the brachioradial 
groove on the external surface of -the arm in its middle and lower third. 
Having established that the defect of 77 . radialis is very large, from the external 
incision we separate the biceps from the brachialis and isolate the trunk and 
branches of 77 . musculocutaneus, divide it in accordance with the indications 
and conditions as outlined above. Neurotization of the freshened peripheral 
end of 77 . radialis after it has been first exposed in the brachialradial inter- 
muscular groove is then performed. Atrophy of the peripheral end of the 
77 . radialis diminishes somewhat a disproportion between the cross-sections 
of the nerve-recipient and nerve-donor. A large number of sensory fibres in 
the latter should not influence considerably its capacity to neurotize the 
nerve-recipient with motor elements. In the process of regeneration nerve 
fibres give growth to a large number of collaterals. Experimental data of 
Kilvington, Kennedy, Feiss, Aird and Naffziger show that thinner nerves 
being sutured with their central ends into the peripheral ends of the thicker 
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nerves are capable of giving good neurotization of the latter with full restora- 
tion of their motor function. 

Implantation of the musculotaneous nerve into n. radialis has been per- 
formed by us in four cases. Two cases suffered shot wounds ; these patients 
came for treatment after having been operated unsuccessfully in other 
institutions. In one case there was a subcutaneous rupture of n. radialis, and 
the other patient had a rupture of the nerve with open fracture of humerus. 

Two cases are particularly interesting. 

Case No. 1. (demonstrated at the conference of the Neurosurgical Institute A. M. N., 
March 8, 1947). Patient S., 20 years old. Entered the Institute October 25, 1945. Was 
wounded March 22, 1944, in the left arm with open fracture of the humerus. A “wrist- 
drop” developed immediately after the injurj', extension in the radiocarpal and meta- 
carpophalangeal joints was lost. Soon afterward causalgia also appeared with predominant 



Fig. 1. Fig. 2. 

Fig. 1 and 2. Demonstrating appearance of extension in radiocarpal joint eight months 
following removal of third thoracic sympathetic ganglion on left side. 


localization in the zone of innervation of «. iihiatis, while the motor function of the latter 
remained unaffected. During 1944 three operations were performed on the arm; a 
fourth operation was a denudation and alcholization of it. ulnaris in the forearm, and 
a fifth operation was a neurotomy and neurexairesis of n. ulnaris at the level of the 
radiocarpal joint. In spite of all the above operations, causalgia persisted and the clinical 
picture became complicated with a paralysis of the distal branches of n. ulnaris. 

Operation (Lurje) Nov. 4, 1945. First incision — 18 cm. long — was made on the 
external surface of the arm with continuation onto the brachio-radial furrow. M. biceps 
and in. braehialis were drawn aside from m. triceps. In the lower part of the incision 
only the peripheral end of n. radialis was found. Another incision — 20 cm. long — ivas 
made on the inner side of the arm from vt. pectoralis major to the lower third of the arm. 
In the upper part of the wound the central neuroma of n. radialis was found. The defect 
of the nerve was so large that it could not be repaired by the method of transposition of 
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ith two ends onto the anterior surface of the arm. N. musculocutaneiis was exposed, 
its function was tested electrophysiologically, and then it was divided distal to the origin 
of its principal branches to m. biceps, but proximal to tlie origin of several rather con- 
spicuous branches to iii. brachialis. The central end of the n. musculocutaneus was im- 
planted into the freshened peripheral end of n. radialis. In addition a denudation of the 
brachial artery was performed extending through the whole medial incision. Both 
incisions were closed in layers. 

In spite of denudation of the brachial artery the causalgic pains re-appeared three 
days after the operation. July 1, 1946 the patient was admitted into the Yauza Hospital 
Aledsantrud with persistent causalgic pains. Examination revealed that m. brachio 
radialis had begun to contract. On July 12, 1946 the third thoracic sympathetic ganglion 
was removed on the left side (Lurje) ; and thereafter cauSalgic pains disappeared entirely. 
In February, 1947 extension in the radiocarpal joint began to appear and was quite good 
when the patient was examined on Alarch 7, 1947 (see Figs. 1 and 2). Extension in the 
metacarpo-phalangcal joints was not restored. Paralysis of the distal branches of 
II. iilnaris persists. 

Case No. 2. Patient L., 22 years old, was wounded March 28, 1944 with injury of 
humerus and n. radialis on the left side. Had undergone three previous operations for 
osteomyolitis of the humerus, at one of the hospitals in Moscow. Another operation was 
performed for paralysis of n. radialis, whereby a large defect was found and this was 
replaced with section taken from the peripheral end of the nerve dissected longintudinally. 
The patient was admitted into the Medsantrud Hospital April 9, 1946 with a picture of 
paralysis n. radialis without any apparent symptoms of regeneration. Operation April 17, 
1946 (Lurje). N. radialis was exposed from two incisions, one on the inner and the 
other on the outer side of the arm. There were large scars and complete cicatricial 
degeneration of tl'e transplanted nerve tissue ; there was a neuroma on the central, stump 
of the injured nerve. After the ends had been freshened, the defect was so large that 
direct neuropathy with transposition of the nerve ends onto the anterior surface of the 
arm was impossib’e. N. musculocutaneus was sectioned above the origin of two branches 
to m. brachialis and its central end implanted end-to-end into the peripheral end of 
n. radialis. . i 

Examination on May 5, 1947 revealed presence of active contractions of m. brachio- 
radialis ■ SiXid appearance of slight extension in the radiocarpal joint. 

These two cases demonstrate that neurotization of n. radialis by implanta- 
tion into it of 11. musculocutaneus can be performed with clinical success in 
cases of large defects of the former if a sufficient length of the peripheral 
end of n. radialis remains available in the arm, and this can be achieved without 
seriously impairing the principal function of the musculocutaneous nerve, 
namely, flexion of the elbow. 

We believe that neurotization of n. radialis with n. muscidocutaiieus 
becomes particularly important when large defects in the former are accom- 
panied by injury of the median and ulnar nerves. In such a case, the plastic 
operation on tendons, according to Pertes and Tichonovich, as it is done in 
cases of isolated injury to n. radialis, cannot be performed successfully. Chaklin 
regards good function of the median and ulnar nerves, as well as of all muscles 
innervated by these nerves and of all joints of the wrist and fingers, as the 
criterion for success of plastic operation on tendons. Therefore, in patients 
such as our Case No. 1, where there was paralysis of both n. radialis and of 
n. ulnaris, our operation was especially indicated as it is capable of restoring 
active extension of the wrist. 
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In the course of usual healing of the nerve wound with secondary neuror- 
rhapy, the nerve fdires regenerate twice: tlie first regeneration leads to 
formation of tlic neuroma and only repeated regeneration, which follows 
suturing the freshened ends, results in neurotization of the jierijiheral segineiil. 

In the operation of implantation of «. inusciilocutancns into n. radialis — 
as in the other similar heterotopic operations — fresh neurotizing fibres were 
introduced into the peripheral section of the injured nerve. The good regen- 
erative potency of these fibres is immediately realized in the biologically 
fully prepared bed of the peripheral end of the nerve. When the defect of 
n. radwl'is is situated high up, the implantation described here, being per- 
formed below the zone of trauma and scarification, will be undertaken under 
the “ideal” conditions for regeneration, since the zone of the nerve suture 
will be surrounded by healthy and not scarified tissues. It is well known that 
the regenerative capacity of the axons of the central end and of their cells 
diminishes if a considerable time elapses after the trauma (Foerster, Egorov, 
Chubumaher, Bondarchuk), and particularly so witli repeated operative 
interventions. Therefore, neurotization of the injured nerves with freshly cut 
nerves should be attempted only when local anatomical conditions permit. 
Both our patients were operated relatively late (19 and 25 months) after 
trauma and the regeneration obtained should diminish our pessimism regarding 
late restorative operations on the nerves. 

Sometimes conditions arise which indicate a high implantation of n, iiiuscu- 
locntanens into n. radialis. Tin’s can be performed when large and irreparable 
defects are present in these nerves in the pectoral region if the central section 
of the musculocutaneous nerve is sufficiently • long. The latter can then be 
implanted into the peripheral section of u. radialis if it is technically possible. 
The patient would, of course, lose flexion of the elbow, if the median nerve 
does not give accessory branches to m. biceps and vi. brachialis lower in the 
arm. In performing such implantation we first split the peripheral end of 
71. radialis and separate from its main principal trunk the branches to 
in. triceps and also cutaneous rami to the dorsum of the arm and forearm, 
which all lie together with the main trunk within the common epineurial sheath. 
The central end of the musculocutaneous nerve is then implanted into the 
trunk of n. radialis. In the presence of paralysis of n. innscnloctifaneus neuro- 
tization of the branches to the triceps is not important as the patient will have 
to use an apparatus fixing the forearm at a 90° angle to the arm. Furthermore, 
separation of the above branches makes the cross-sections of the nerve-donor 
and nerve-recipient more comparable. Such an operation has been performed 
in the Medsantrud Hospital April 19, 1947 (Prof. Lampert and Lurje) on 
a '55 year old patient D. After removal of a tumor (neuroma type) large 
defects resulted in the musculocutaneous nerve and in n. radialis, which were 
imbedded in the tumor, while the central end of the former nerve was suffi- 
ciently long to permit its implantation into the peripheral end of n. radialis. 
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CONCLUSIONS 

1) In cases of very large defects of n. radialis, which are located in. the 
upper two-thirds of the arm and in the axillary region, n. tnusculocniancus 
can be employed for neurotization of the injured nerve. 

2) N. musculociitaiicns should be sectioned below the origin of the prin- 
cipal branches to m. biceps and above the origin of the branches to m. bra- 
chiolis and then its central section implanted end-to-end into the peripheral 
section of n. radialis. 

A definite regeneration of n. radialis has been obtained in two cases after 
implantation into this nerve of n. imiscnlocutaneus. 

REFERENCES 

^Aird and Naffziger: Renegeration of nerves after anastomosis of small proximal to 
larger peripheral nerves. Arch. Surg., 1939. 

-Bondarchuk: 2Sth Meeting of U.S.S.R. Surgeons. (Russian) Moscow, 1946. 

■'* Egorov: Conference of Surgeons of the Evacohospitals RSFSR. Moscow (Russian), 
January, 1946. 

Feiss, H. O.: On the fusion of nerves. Quart. J. Exp. Physiol., 5: 1-30, 1912. 

'’Foerster; Handbuch der Neurologie Bumke, Foerster. Erganzungsband 11, 1929. 

“Kennady, R.: Experiments of the restoration of paralyzed muscles by means of nerve 
anastomosis. II. Anastomosis of the nerve supplying limb muscles. Phil. Tr. Roy. Soc. 
London S. B., 205: 27-76, Abstr. Proc. Roy. Soc. London: 331-335, 1914. 

^ Kilvington, B. : An investigation on the regeneration of nerves, with a view to the 
surgical treatment of certain paralyses. Brit. M. J., 1: 935-940, 1905. 

®Lurje, A. S.: Concerning the surgical anatomy of n. radialis and the technique of its 
transposition in large defects. Chirurgia (Russian), No. 2: 73-80, 1946. 

‘’Richter, G. A.: Problems of neurosurgery. (Russian), No. 1: 1946. 

Chaklin, V. D.: Report. Conference of Surgeons of Evacohospitals. RSFSR. Moscow. 
(Russian), January, 1946. 

Chebumaher : Report. 25th of USSR Surgeons. Moscow (Russ), 1946. 

Tichonovich, A. V,: On the surgical technique of transposition of muscles in treatment 
of paralysis of n. radialis. New Surgical Archiv., 7: 361-375 (Russian), 1925. 



THE USE OF MECHANICALLY WOUND BOBBINS FOR HANDLING 
AND DISPENSING NON-ABSORBABLE SUTURE MATERIAL, 
WITH OBSERVATIONS ON THE TENSILE STRENGTH 
AND STERILITY OF MECHANICALLY WOUND 
SUTURE MATERIAL “ 

James F. O’Neill, M.D., Louis Shaffner, M.D., and 
Hom'akd H. Bradshaw, M.D. 

Winston-Salem, N. C. 

THE DEPARTMENT OF SORCERY, BOWMAN CRAY SCHOOL OF MEDICINE OF WAKE FOREST COLLEGE AND 
NORTH CAROLINA BAPTIST HOSPITAL, WINSTON-SALEM, N. C. 

It is the general surgical practice to prepare non-absorbable suture 
material for sterilization b)' hand, winding small lots on rubber tubing, glass 
rods, cardboard, rubber-edged wooden boards, or as loose skeins. At the 
operating table it is the nurse’s dut}’- to pi'epare from these lots single strands 
of suitable length for sutures and ligatures. Some surgeons, when tying a series 
of ligatures, reel off the required lengths from a previously wound tube or rod 
held in the hand. 

The cumbersome and time-consuming nature of these technics has prompted 
the trial of metal bobbins, bobbin cases, and a motor driven bobbin winder. It 
was felt that long lengths of non-absorbable suture material could be quickly 
wound on metal bobbins using a motor driven winder, both bobbins and winder 
being of the types ordinarily used on domestic sewing machines. These winders 
and bobbins were secured from local sewing machine dealers. 

A fractional horse-power motor was equipped with a rubber stopper on 
the shaft to serve as a friction drive for the bobbin winder, (Fig. 1) and the 
bobbin winder was arranged so that it could be engaged or disengaged from 
the driving wheel at will. A spindle to hold the spool of suture material and a 
guide for the suture material were added. The only tension on the suture 
material while being wound on these bobbins was the friction of the spool on 
the spindle and the suture material passing through the guides. In one assembly, 
grinding and polishing wheels were incorporated for use in sharpening and 
polishing hollow or surgeons’ needles (Fig. 2). 

The metal bobbins used are 33 mm. long with 9 mm. flanges on the ends, 
(Fig. 3-C) and were also purchased from sewing machine dealers. They are 
probably made of brass plated steel. 

The cases to hold the bobbins served as suture dispensers, and two types 
have been used to date. One type, (Fig. 3-A) of stainless metal was made for 
us by the American Hospital Supply Corporation through the kindness of 
Mr. E. H. Blount of their Atlanta office. It is 6.0 cm. long and 1.5 cm. in 
outside diameter and allows sufficient room within it for the bobbin to rotate 
and also move longitudinally as suture material is being dispensed through the 
slot cut in one side. Holes are drilled in each end to facilitate sterilization. 

* Submitted for publication, December, 1947. 
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The other type of case and suture dispenser (Fig. 3-B) is made of black 
phenol formaldehyde molding material and were secured from the Wheeling 
Stamping Company in Wheeling, W. Va. These are 6.5 cm. long and 1.5 cm. 
outside diameter and, after purchase, a slot was cut in one side and a hole 


Fig. 1. 




Fig, 2. 

Fig. 1. — One type of motor driven bobbin winder. Fig. 2. — A type of motor driven 
bobbin winder incorporating a wheel (A) for polishing surgeon’s or hollow needles, 
and a grinding wheel (B) for sharpening needles. 
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drilled in each end. These cases have not been harmed by countless trips through 
the autoclave. 

In considering the clinical use of this equipment, attention had to be given 
to two important factors : — 

1. Alterations in tensile strength 

2. Sterility of non-absorbable suture material after it was wound mechan- 
ically on these metal bobbins and either boiled or autoclaved. 

Experiments were then carried out to study these two factors. 



Fig. 3. — Types of bobbins and bobbin cases used. The stainless steel case is shown at 
(A) the case of phenol formaldehyde molding material at (B). The bobbins used are 
shown at (C). 


STUDIES ON TENSILE STRENGTH OF NON-ABSORBABLE SUTURE MATERIAL 
AFTER WINDING AND STERILIZING ON MECHANICALLY WOUND BOBBINS 
Meade, Ochsner, Dixon and Long^- -> have given repeated warnings that 
the tensile strength of cotton will be appreciably impaired if the materials are 
boiled or autoclaved under any tension, as when wound on wood, glass, metal 
or even rubber tubing, which does not allow enough slack for normal shrinkage. 
Localio, Casale, and Hinton, ® who stated that cotton loses strength during 
sterilization, were criticized by Thorek® because they based their conclusions 
on samples sterilized on mechanicall)' wound bobbins. 

Mr. Frank R. Redman.-’’’ a well known consultant to the textile industry, 
feels that from his own experience boiling and autoclaving temperatures do not 
harm cotton fibres and have no effect on the strength of cotton thread if the 
thread is not held under tension while at the elevated temperature. He ex- 
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plained that during the original spinning of the yarn there is some tension which 
elongates the yarn by deforming the fibres. When this new thread is heated 
under tension the fibres become soft, thereby losing their grip and making the 
thread weaker. If, however, there is minimal or no tension during heating, the 
fibres return to their original shape and become interlocked to a greater extent 
than before heating. He suggested that if the thread is wound very loosely on 
the bobbins, there would be enough slack to allow the fibres to return, i.e., 
shrink, to their natural state, and the strength of the thread would not be im- 
paired and might even be increased. 

In view of these reports, experimental studies were carried out on several 
types of suture material to determine how much, if any, was the difference in 
tensile strength between non-sterile control samples, control samples sterilized 
after winding loosely on gauze, and test samples sterilized after winding on 
bobbins. 

For the cotton materials, this study was also, in effect, a rough quantitative 
test determining whether the tension of the bobbin-wound materials was 
enough to prevent normal shrinkage and thereby to weaken the thread. • 

MATERIALS AND METHODS 

The materials tested were : No. 40 J and P Coats six cord plain cotton, 
No. 60 J and P Coats six cord plain cotton. No. 60 Blossom mercerized cotton. 
No. A Belding-Corticelli black twisted silk, and No. 4-0 serum proof braided 
silk (Deknatel), all purchased on tlie open market. . ' 

From each sample, te.sting was carried out on ten or more -consecutive 
strands of 30 to 40 cm. in length. The upper end of each strand was wound 
around a cylindrical bar and the lower end around a horizontal spool holding 
a basket for weights. In this way the free strand was between 10 and 20 cm. 
in length and was attached at each end to a smooth surface with no acute 
angles. A basic initial weight pull of well below the breaking strength was 
determined for each sample before recordings were made. Each test was 
started by gently attaching the basic weight to the lower end of each strand 
and allowing it to hang freely, but not untwisting for 15 seconds. Then incre- 
ments of 20 Gm. were added every five seconds until the strand broke. 

Control readings were taken on samples directly from each spool. Samples 
of each material were then wound on gauze and on a bobbin before sterilizing. 
Separate samples of each were sterilized respectively by boiling 20 minutes, 
30 minutes, one hour and two hours, and by autoclaving one, two, and three 
times at the usual temperature of 250°F. (15 pounds pressure) for a minimum 
of 15 minutes each. Those autoclaved more than once were allowed to cool 
and dry before re-autoclaving, and all samples were tested dry. 

Since the knot is the weakest part of any suture, as shown by Taylor,^’ 
readings were also taken on knotted strands of each sample. Each strand was 
cut in half and then tied with a single square knot snugly by hand before the 
weights were added. Invariably the strand broke at the knot. Occasionally the 
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twisted black silk knots slipped out with the basic weight, and these strands 
were discarded. 

RESULTS 

The mean breaking strengths with their respective standard deviations to 
the nearest whole number are recorded in Table I. These results are tabulated 
for each sterilizing treatment in pairs representing the gauze-wound control 
sample and the bobbin-wound test sample. The difference between the means 
and also the t value'’' for the significance of this difference is recorded beneath 
each pair, with letters denoting whether this difference is of no significance at 
the 5% level (NS), of significance at the 5% level (SS), or of significance 
at the 1% as well as the 5% levels (SI), The differences are noted as positive 
(-{-) if the bobbin- wound mean was larger than the gauze- wound control mean, 
and as negative ( — ) if the bobbin mean was smaller than the control mean. 

Chart I- A ' Chart I-B 



Chart I-A. — Average changes in tensile strength due to boiling. Com- 
puted from Table I. Reading from left to right in each group of cross-hatched 
columns, the columns indicate respectively the per-cent changes in tensile 
strength after boiling for 20 minutes, 30 minutes," one hour and two hours. 

I-B. — Average changes in tensile strength due to autoclaving. Computed 
from Table I. Reading from left to right in each group of cross-hatched 
columns, the columns indicate respectively the per-cent change in tensile 
strength after autoclaving once, twice and three times. 

For reasons to be discussed later the significantly different pairs have been 
classified into two groups, those significant at the 5% level and those significant 
at the 1% level as well as at the S% level. The “5% leyel” of significance 
denotes that the odds are at least 95:5 (19:1) that the difference between the 
means did not occur by chance. The “1% level”, denotes that the odds are at 
least 99 .T against chance. 

Of the differences between means in the 63 pairs reported, 48 (or 76%) 


*The l value is a ratio of the difference between the means to the standard error of 
this difference, with suitable corrections being made for the small number of strands 
tested in each sample.^^ 
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were not significant and 15 were significant at the 5% level. Of these 15 pairs 
with significant differences ten of the bobbin-wound samples were stronger 
and five were weaker than their respective gauze-wound controls. Only eight 
of the 63 pairs showed significant differences at the 1 level, and of these, five 
of the bobbin-wound samples were stronger and three were weaker than their 
controls. 

With the knotted strands, in only three of 31 pairs were there significant 
differences between the means, the bobbin-wound samples being stronger than 
their controls. In all 63 pairs, and disregarding significances, the bobbin-wound 
materials were stronger in 36 and weaker in 27 than their respective gauze- 
wound control materials. 

The standard deviations for single strand non-stcrilc controls ranged from 
25 Gm. for twisted silk to 60 Gm. for No. 40 plain cotton. For single strands 
sterilized on gauze the standard deviations ranged from 13 Gm, for twisted 
silk to 82 Gm. for No. 40 plain cotton. For those sterilized on bobbins, the 
range was essentially the same, i.c., from 13 Gm. for twisted silk to 86 Gm. 
for No. 40 plain cotton. 

With the knotted strands the standard deviations were generally higher 
and covered a larger range. For the non-sterile controls they ranged from 36 
Gm. for the twisted silk to 65 Gm. for No. 60 plain cotton. For those ster- 
ilized on gauze, deviations ranged from 31 Gm. for No, 40 plain cotton to 
121 Gm. for the same material. For those sterilized on bobbins, deviations 
ranged from 27 Gm. for No. 40 plain cotton to 103 Gm. for No. 60 mercer- 
ized cotton. 

The observed data incidentally shows the effects of knotting and of re- 
peated sterilizations on tensile strength with exclusion of the factor of bobbin 
winding. 

A comparison of the mean strengths of samples tested single and knotted 
but otherwise treated the same way showed consistent and significant weaken- 
ing of the knotted strands. The percentages of loss of tensile strength are sum- 
marized in Table II. The smallest percentage loss was with No. 60 mercerized 
cotton, the average being 21% with a range of 9 to 32%. The greatest loss was 
with No. 60 plain cotton, the average being 28% with a range of 16 to 40%. 
The over all average in 60 comparisons was 25% with a range of 9 to 40%- 

Comparisons of the mean tensile strengths of sterilized materials with 
the strengths of their respective non-sterile controls were analyzed for signifi- 
cant differences. For the sake of brevity, only a few representative figures are 
recorded in Table I adjacent to the spool control values. Number 40 plain 
cotton tested single showed a consistently significant increase after sterilization, 
but the same material knotted and the mercerized cotton showed decreases in 
strength. The No. 60 plain cotton varied above and below the control value, 
but was equal to or less than the control in all autoclaved samples. Black 
twisted silk lost strength rapidly with repeated autoclaving. The serum-proof 
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braided silk lost strength with the initial sterilization but subsequently showed 
no appreciable changes. 

Chart I is a composite summary of per cent changes due to sterilization. 
Boiled plain cotton showed a tendency to increase in strength. Mercerized cot- 
ton and both types of silk showed decreases mentioned above. All knotted 
sterilized samples showed decreases from the knotted non-sterile controls. 
This was especially so with both types of silk. 

SUPPLEMENTARY STUDIES AND RESULTS 

It will be noted that the non-sterile control mean for No. 40 plain cotton 
was obtained from 40 strands. The first 20 of these strands showed a mean 
breaking strength of 1069 ±50 Gm. The other 20 strands were taken from 
the last portion of the same spool and showed a mean strength of only 
1027=^62 Gm. The difference between the means is 42 Gm., and t equals 2.35, 
which denotes a significant difference at the 5% level but not at the level. 
In this case the mean of all 40 strands 1048±60. has been recorded in Table I. 

The significantly different pair of No. 60 plain cotton autoclaved one time 
was repeated twice with new samples each time. The means for one pair were 
gauze 894±40 Gm., bobbin 866=^57 Gm., and for the other, 964^54 Gm., 
bobbin 930=^=59 Gm. There is no significant difference within each pair, but a 
highly significant difference between each gauze-wound control. 

The mean reading for 10 strands of serum-proof braided silk autoclaved 
two times on gauze was computed and has been recorded as 840—41 Gm., 
being 90 Gm. less than the bobbin-wound mean. Additional readings were then 
made on the 7 remaining consecutive strands from the same gauze-wound 
skein. The mean proved to be 980=t:24 Gm., which is significantly different at 
the 1% level 4rom the first 10 strands and also from the bobbin-wound sample. 
However, the mean of all 17 strands was 898=^80 Gm., which is not signifi- 
cantly different from the bobbin mean of 930—27 Gm. On the other hand, four 
additional unsterile and two additional boiled gauze-wound control tests made 
from a new spool of the same size and brand of serum-proof braided silk 
showed respectively no significant differences even at the 5% level. 

COMMENT 

It is generally conceded that the 5% level of significance between differences 
is strict enough for critical analysis. We have pointed out that, of the differences 
in mean tensile strength of 63 comparable pairs of gauze-wound and bobbin- 
wound suture materials, only 15 were of significance at the 5% level, and 
that of these, the bobbin-wound materials were stronger in 10 and weaker in 5. 

In view of the fact that the analysis of the non-sterile control figures of 
No. 40 plain cotton showed that cotton from the same spool could vary sig- 
nificantly at the -5% level, the more strict test of significance at the 1% level 
was also applied. With this test only 8 pairs showed a significant difference, 
and of these the bobbin-wound materials were stronger in 5 and weaker in 3. 

In summary, then, 76% of the tests showed no significant differences at the 
5% level, and 87% showed none at the 1% level. Of the cases where significant 
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differences were demonstrated, the bobbin-wound materials were stronger than 
the gauze-wound ones in a ratio of about 2:1, which is of no significance in the 
over all analysis, because in the 63 pairs the bobbin mean was stronger 
in 36 and weaker in 27, a ratio of only 4 :3. 

We conclude, therefore, that winding suture materials without tension on 
these bobbins prior to routine sterilization has no appreciable effect on the 
ultimate tensile strength of the sterilized materials. And, in the case of cotton, 
the tension with which it was wound on the bobbins was not enough to prevent 
normal shrinkage. 

An explanation for the presence of the demonstrated significant differences 
is suggested by the supplementary studies. The repeated studies on the No. 60 
plain cotton autoclaved one time showed a significant difference between the 
two gauze-wound samples. This suggests that the significant difference in the 
original study was due to the variability of the cotton within Lot A. just as the 
demonstrated difference between the non-sterile controls of Lots A and B 
was also significant. 

In the repeated study of an entire 25 yd. spool of No. 4-0 serum-proof 
braided silk, we found no significant variation in tensile strength. This suggests 
that the samples used for the original study were picked by chance from a 
non-uniform lot of material. 

In other words, we believe that the demonstrated significant differences 
between the means of consecutive strands receiving the same treatment in 
these experiments were probably due to lack of randomness in sampling rather 
than to the effect of winding on bobbins. 

The average decrease in tensile strength of 25% due to knotting alone 
confirms tlie work of Taylor and others that knotted strands are weaker than 
straight single strands. Of course, the human factor in the tying of the knots 
may partially account for their observed larger standard deviations and dif- 
ferences between means. 

As regards the effects of sterilization alone, our observations show a ten- 
dency for plain cotton to increase in strength if boiled, but to change little if 
autoclaved. This is in agreement -with the theoretical prediction of Redman 
previously mentioned, and along with the decrease shown in silk the figures 
generally confirm the work of Ochsner, et al.^> ^ 

No attempt has been made to study all types and brands of non-absorbable 
suture material. These studies would indicate that for the materials used, the 
strength of the same- size and brand may not only vary from spool to spool, 
but even vary significantly on the same spool. 

All who have used cotton for sutures have the clinical impression that its 
tensile strength varies widely. From these studies, it appears that within the 
limits of routine practice, the variability in the cotton itselD and its high co- 
efficient of friction^' are more likel}’' causes of breakage at the operating table 
than are the time of sterilization and the tension under which the cotton was 
wound. 
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Repealed autoclaving or boiling of unused bobbin-wound cotton is not 
recommended. The possibility of actual weakening tlirough rot or mildew 
would be present if either gauze-wound or bobbin wound material were con- 
taminated and stored while wet. Furthermore, we have found that rust from 
the bobbin shaft often stains the inner portion of the thread if it is not used 
within a reasonable length of time after autoclaving. This latter objection 
might be overcome by storing sterile bobbin-wound materials in antiseptic 
solutions fortified with a reducing agent, such as sodium nitrite, or by using 
bobbins made of or plated with a non-corrosive metal. 

STUDIES ON STERILITY OF NON-ABSORBABLE SUTURE MATERIAL AFTER WINDING 
AND STERILIZING ON MECHANICALLY WOUND BOBBINS 

When wound with the motor-driven winder, each bobbin could hold ten 
to fifteen layers of suture material depending on the thickness of the samples 
used. Controlled studies were carried out to test the sterility of the material 
after winding bobbins full, placing them in the bobbin cases and subjecting 
them either to boiling for 30 minutes or autoclaving at 250°F., and 15 lbs. 
pressure for a minimum of 15 minutes each. 

Table II. — Percent Loss of Tensile Strength of Suture Materials 
Due to Knotting of Strands 

(Calculated from Comparable Mean Tensile Strengths Recorded in Table I) 



Number 


% Loss of 


of 


Tensile Strength 

Material 

Comparison 

Average 

Range 

No, 40 Cotton, plain 


27 

18 - 35 

No. 60 Cotton, plaii: 

8 

28 

16-40 

No. 60 Cotton, Mercerized... 

15 

21 

9 - 32 

No. A Silk, black twisted... 

7 

25 

21 - 31 

No. 4-0 Silk, braided serum-proof... 15 

27 

19 - 32 

TOTAL 

60 

25 

9 - 40 


Table III 


Number 

Positive 

Negative 


Bobbins 

Cultures 

Cultures 

Autoclaved 


0 

20 

Boiled . . .' 


5 

28 

Controls 

18 

16 

' 2 


These experiments were carried out with the kind assistance of Dr. Mc- 
Donald Fulton, Director of the Department of Bacteriology. He suggested 
that pure fresh cultures of B. mycoideshe used since this organism is a spore- 
former and yet of relatively low pathogenicity when handled. 

Each bobbin to be tested was wound with one layer of suture material and 
then contaminated with a fresh suspension of B. mycoides in normal saline. 
Then twelve to fifteen more layers of suture material were added to the bobbin 
and each bobbin placed in its case. 

These were then divided into three groups — (A) This group was auto- 
claved as described above. (B) This group was placed in an incubator over- 
night. (C) This group was boiled for 30 minutes. Following these procedures, 
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all but the 2 inner layer.s of suture material were removed from e;ich bobbin 
and the bobbin was then cultured b}' dropping it directly into a test tube of 
infusion broth. All tubes were than incubated for four days. The results of these 
experiments are shown in Table 111. All of the autoclaved materials were 
sterile, but 5 out of 33 of the boiled materials showed viable organisms 
still present. 

These results lend evidence that autoclaving is a safe way to insure com- 
plete sterility of all the suture material on the bobbins, but that boiling should 
probably not be relied upon for asepsis. 

SUMMARY AND CONCLUSIONS 

1. Sixty-three comparisons of the tensile strengths of various cottons and 
silks sterilized on gauze and on bobbins are presented. These comparisons have 
been made on knotted as well as single unknotted strands. 

2. The tensile strengths of materials of the same brand and size may vary 
significantly not only from spool to spool, but on the same spool, 

3. In 76% of our comparisons there were no significant differences at the 
5% level between the tensile strengths of materials wound loosely on gauze 
and those wound mechanically on bobbins. In 87% there were no significant 
differences at the 1 % level. 

4. Considering the lack of randomness in sampling in these experiments we 
conclude that winding non-absorbable suture materials on our bobbins with 
minimal tension prior to routine sterilization has no appreciable effect on the 
ultimate tensile strength of the sterilized materials. 

5. The knotting of a suture decreased its tensile strength on an average of 
25%, the material adjacent to the knot being invariably the point of breakage. 

6. Plain cotton tended to increase in strength if boiled, but to change in- 
significantly if autoclaved. Mercerized cotton and serum-proof braided silk 
tended to lose strength with initial sterilizations, but subsequently showed no 
appreciable changes with repeated autoclaving. Knotted sterilized strands 
were in all cases not only weaker than the knotted non-sterile controls but 
also tended to lose proportionately more strength than the single sterilized 
strands. 

7. Full bobbins, containing approximately 15 layers of suture material 
should be sterilized by autoclaving rather than by boiling, for there is some 
question that the latter method effectively sterilizes the innermost layers of 
the suture material. 

*The authors are grateful to Edward Patterson for his technical assistance in 
carrying out these studies. 
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CARCINOID TUMORS OF THE RECTUM 
i^eport of Tiiree Cases, Two with Metastascs " 
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FROM THE JtALLORY IXSTITUTE OF PATHOLOGY, BOSTON CITY HOSPITAL, IIOSTO.N', MASS. 

INTRODUCTION 

Excellent reviews on the subject of carcinoid, or argentafifin, tumors 
of tiic gastro-iutestinal tract are readily available.^- -* '' '• These tumors were 

considered by early writers to be benign but because of their resemblance to 
carcinoma have been called carcinoid.*^ Further experience with. the lesion, 
however, has shown that man}- of the tumors spread to regional nodes and some 
to more distant sites. It has been found that the incidence of metastascs from 
carcinoid tumors of the small and large intestine is significdUt. These findings 
are in contrast to those of carcinoids of the apjiendix, the common site of the 
tumor, which show a low incidence of nodal involvement or more remote 
metastascs. 

Recently"’ attention has been directed to primary carcinoid tumors of 
the rectum, previously considered to be a very rare lesion. Up to 1942 Stout' 
found record of only six cases^^-^'* and in that year added six of his own. Since 
then the number has .increased so that at present, at least 29 carcinoid tumors 
of the rectum are on record. Only two of these have been associated with 
distant metastases.^^’ 

We present three cases of carcinoid tumor of the rectum. All were diag- 
nosed by surgical biopsy, and surgical exploration of the abdomen was per- 
formed in two cases. One of these patients (Case 1) showed multiple 
metastases at operation, died 18 months postoperatively and came to necropsy. 
The second patient, (Case 2) at operation, showed metastases to the paraa- 
ortic nodes, the right perinephric region, and the liver. She refused subsequent 
operation and treatment, and was living but markedly debilitated, losing weight, 
and bleeding by rectum six months postoperatively. The third patient (Case 3) 
had a small rectal polyp’ removed through a sigmoidoscope. Four months 
postoperatively he had no further symptoms and was being followed in the 
surgical out-patient clinic. 

CASE reports 

Case 1 (**). — C.J.G., a 51-year-old white male entered the U. S. Naval Hospital, 
Philadelphia, Pa. on November 22, 1943 complaining of weakness and fatigue of two 
months’ duration. Weight loss of about 15 pounds occurred during this period. Tarry 
stool and decreasing caliber of the bowel movements had been noticed for four months 

* Submitted for publication, January 1948. 

** We are indebted to Captain H. H. Montgomery (MC) USN, MOIC, U. S. Naval 
Hospital, Philadelphia, for permission to use the clinical and autopsy records of this case. 

t Formerly, first assistant in pathology, Mallory Institute of Pathology ; instructor 
in surgical pathology, Tufts College Medical School. 
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prior to admission. The patient had had no bowel movements during the five days before 
admission. The history was otherwise not contributory and the positive physical findings 
were limited to the abdomen and rectum. There was mild right upper quadrant abdominal 
tenderness, the liver edge was felt at the level of the umbilicus, and the left lobe of the 
liver was said to be nodular. On rectal examination there was a moderately hard, movable, 
polypoid growth in the posterior wall of the rectum. A few flecks of blood were present on 
the examining finger. Laboratory examinations of blood and urine were essentially nega- 
tive, as were roentgenograms of the chest and skeletal system. Barium enema and gastro- 
intestinal series showed no abnormalities of the gastro-intestinal tract. . Proctoscopic 
examination revealed three hard nodular masses on the left and posterior walls of the 
lower rectum. The nodules were covered by intact mucosa. A punch was inserted through 
the mucosa and tissue from the tumor obtained for histologic diagnosis. The pathologic 
report: 



Fig. 1. Case 1. — Festoons of ribbons arrangement of columns of carcinoid tumor cells. 

Hematoxylin and eosin. (X200)* 


Gross description. The specimens are two in number. They are firm, yellow, curled 
tissue masses, one of which is 5 x 3 x 2 mm. and the other 2x2x2 mm. 

Histologic description. The sections consist of a rounded piece of rectal mucosa that 
for the most part is intact and essentially normal in appearance. Immediately beneath it, 
and extending throughout the narrow submucosal zone, are solid rounded masses of cells 
of an indeterminate type but having oval shaped nuclei of uniform size and quality with 
no hyperchromatic changes. Irregular infiltration of the mucosa has taken place as well as 
in areas in the deeper portions. The appearance is not that of primary carcinoma of the 
rectum. 

Diagnosis. Carcinoid of the rectum. A repeat specimen was requested and at 
operation two firm tumors beneath the intact mucosa on the left side of the lower rectum 
were again found. They were movable and not connected. The lower was completely 
excised. Surgical pathologic report: 


=*■ We are indebted to Mr. Leo Goodman, Boston City Hospital, for the photomicro- 
graphs appearing in this article. 
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Gross description. The specimen consists of a rounded grey-yellow mass 3 x 2.5 x 1.2 
cm. It cuts with a slightly increased resistance and shows a homogeneous grey color 
throughout. 

Histologic description. The sections consist of a large rounded mass of tissue covered 
on one side with intact and essentially normal appearing mucosa. The main substance is 
made up of compact islands and cords of cells that in places arc arranged in a pseudo- 
acinar pattern. The cells all tend to be of ctiboidal and columnar type and they are 
arranged in a longitudinal pattern without formation of lumens. The nuclei are of 
uniform size, shape and staining with no hyperchromatic tendencies. Mitotic figures 
are not seen. There is infiltration of the mucosal stroma and in places the tumor mass 
extends through the surface epithelium for a short distance. Infiltration of the underlying 
smooth muscle is noted in the deepest portions and isolated groups of cells are present 
between the muscle bundles. Silver stains reveal no definite granules in the cytoplasm of 
any of the tumor cells. 



Fig. 2. Case 1. — Perineural Lymphatic invasion by carcinoid tumor cells in 
rectovesical septum. Hematoxylin and eosin. (X400.) 


Pathologic diagnosis. Carcinoid of the rectum."^ 

The patient was treated symptomatically and an abdominal exploration was performed. 
A small hard mass was palpated in the rectal wall, the liver was enlarged and nodular, 
and there was a small mass about the size of a marble attached to the lower pole of the 
right kidneJ^ After a short convalescence, the patient was discharged on Feb. 16, 1944. 
He slowly lost weight and strength, and the liver and spleen became enlarged. Readmission 
to the same hospital on Dec. 29, 1944 revealed a red blood count of 2,320,000 per cu. mm. 
and a hemoglobin of 7 Gm. per 100 cc. The patient died on June 29, 1945 about two years 
after the onset of weakness and fatigue, symptoms which had been preceded by tarry stools 
for two months. 

Autopsy report. (A-4S-20S, U. S. Naval Hospital, Philadelphia): Only significant 
findings are presented. The advanced emaciation of the face, thorax, and extremities 

* Both pathologic reports by courtesy of Captain H. M. Dixon (MC) USNR, at that 
time Chief of Laboratory, U. S. Naval Hospital, Philadelphia, Pa. 
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contrasted with a treinendousl}'^ distended abdomen. The sclerae were icteric. Tlie heart 
and lungs were cssentiall}^ negative. Tlie peritoneum contained 5,500 cc. of serosangui- 
neous fluid. The liver was very large, weighing 13,200 Gm. The enlargement was 
generalized, although more prominent in the right lobe. The liver surface was made up 
of irregular, varying sized nodules from 1 to 20 cm, in diameter. The nodules were gen- 
erally yellow-white but had hemorrhagic and cj'stic areas which contained bloody fluid. 
Section of the liver revealed that most of the organ was replaced by friable and cystic, 
nodular tumor. The spleen weighed 240 Gm. and was not remarkable. The gastro- 
intestinal tract was completely negative e.xcept for the rectum. On the anterior rectal wall, 
2 cm. above Hilton’s line, there was a smooth somewhat firm area 1 cm. in diameter. The 
mucosa was apparentl}’- intact over the tumor, but between the latter and the bladder 
there was an irregularlj’- outlined mass of white tissue directly connected to the submucosal 
tumor mass. Beyond and above this point in the rectovesical tissues, a little to the left of 
the midline, there were several oval and spherical masses, the largest measuring 1.4 cm. 
in diameter. These were firm and white or olive drab in color and one showed some 



Fig. 3. Case 1. — ^^^ariation in size and shape of carcinoid cells in rectovesical 
tissues. Hematoxylin and eosin. (X1200.) 


necrosis. The right kidney had two small nodules of white tissue with some hemorrhagic 
areas in each pole. The thyroid gland showed multiple small nodules up to 2 cm. in 
diameter, one of which was hemorrhagic. There were two large nodes adjacent to the 
head of the pancreas, and a third at the hilum of the liver. Section disclosed homogeneous 
pink firm tissue in all of these nodes. 

Mia'oscopic description. All tissues were fi.xed in formalin and stained with hema- 
toxylin and eosin. 

Rectum and Rectovesical tissues. There was a massive invasion of these tissues bj' 
cords and islands of tumor cells so that neoplastic tissue was predominant. The rectal 
mucosa was intact but raised by tumor. The typical tumor pattern present throughout 
these areas corresponded to that which Stout" has so aptly described as “festooning ribbons 
of columnar cells” (Fig. 1). The ribbons were composed of narrow strands of tumor 
cells, a few cells wide, whose long axes were perpendicular to the long axis of the ribbon. 
These cells contained round or oval nuclei of uniform size, each of whicli was about 2 to 3 
times the diameter of a lymphocyte. The nuclei contained a diffuse chromatin stippling 
and no mitoses were seen. The cytoplasm of the cells was well demarcated only at the 
margins of the ribbons and intercellular boundaries could not be made out. A few cells 
showed small vacuoles in the cjdoplasm. Some groups of cuboidal or columnar cells with 
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buiaii rouucl nuclei were invading muscle planes. Occasionally a clumi) or medullary 
mass of polygonal cells, similar to those usually present in appendiceal carcinoids, were 
seen. Perineural lymphatic invasion was observed in some areas (Fig. 2). Blood vessel 
invasion rvas not seen. About one-half of the tumor, especially that near the serosal 
surfaces, differed somewhat from that previously described. Resemblance to the festoon- 
ing ribbons was present but the ribbons were wider and less distinct, the pattern was 
somewhat labyrinthine, and the cytoplasm stained deeper with cosin. Some variation in 
size and shape of the nuclei occurred atid occasionally nuclei four to five times the usual 
size were seen (Fig. 3). No prominent nucleoli were present and no mitotic figures were 
seen. A few tumor giant cells were observed. No definite gland formation was present, 
although the ribbons of cells gave a pseudo-alveolar configuration in some areas. No 
glandular secretions nor rosettes were seen. Silver stains had been performed on the 
first rectal biopsy and the report stated that there was some browning of the cytoplasmic 
granules of the tumor cells but neither these silver stains nor additional rectal tissue was 
available to us. 



Fig. 4. Case 1. — Blood-filled cysts formed by metastatic carcinoid tumor in the liver. 

Hematoxylin and eosin. (XlSO.) 


Liver. The liver tissue between tumor nodules was essentially normal except for 
some compression of liver cords. The histologic appearance of the tumor was strikingly 
different from that described above. Most of the tumor was composed of large blood- 
filled spaces of varying size (Fig. 4). The walls of these spaces were formed by one or 
several rows of cuboidal cells, although occasionally broad bands of cells separated the 
blood-filled spaces. The cells were generally cuboidal with indistinct cell boundaries 
although columnar cells were occasionally seen. The nuclei were oval to round and had 
a diffuse finely granular chromatin stippling. Between the cell borders of adjacent blood- 
filled cystic spaces there was usually a septum of connective tissue containing strands of 
collagen and small capillaries. The cystic pattern of the tumor was present in all the 
liver nodules examined, and in addition there were a few small focal collections of cells 
containing hyperchromatic atypical nuclei of varying size and shape and some tumor 
giant cells. 

Kidneys. Tumor nodules were made up essentially of the characteristic festoons of 
ribbons of columnar cells although some blood-filled cystic areas, similar to those seen 
in the liver, were observed. 

Lymph nodes. Tumor cells in the regional, mesenteric and peripancreatic lymph 


132 



Volume 12S 
Number 1 


CARCINOID TUMORS 


nodes were composed for the most part of coils of ribbons similar to those seen in the 
rectum. 

Thyroid. The tumor in the thyroid gland was composed of blood-filled cystic spaces 
lined with small cuboidal cells and similar to those seen in the liver. 

Final anatomic diagnoses. Primary malignant carcinoid tumor of the rectum with 
invasion of the rectal wall, the rectovesical septum and perirectal nodes, metastases to the 
liver (massive), right kidney, thyroid, and to the peripancreatic and portal hilar nodes; 
ascites ; emaciation ; icterus. 

Case 2, L.A., a 4S-year-old white Italian housewife, entered the Boston City Hospital 
on Dec. 23, 1946 complaining of nausea, vomiting and marked constipation for one month 
prior to admission. This was the fourth similar episode within the previous year. No 
diarrhea or tarry stools were noted. Upon admission the only positive physical finding 
was tenderness in the epigastrium. Rectal examination at this time was considered to be 
negative except for some small external hemorrhoidal tabs." Laboratory examinations 
revealed normal blood and urine. A barium enema examination revealed no intrinsic 
gastro-intestinal abnormalities. At this time a somewhat enlarged liver was noted, and 
it displaced the hepatic flexure of the colon medially. The patient was discharged to the 
surgical outpatient clinic. 

Readmission to the hospital three weeks later because of aggravation of previous com- 
plaints revealed upon digital rectal examination an annular mass, which just barely 
admitted the tip of the examining finger, 14 .centimeters from the anal sphincter, A 
sigmoidoscope examination at this time showed an annular constricting lesion with the 
predominant mass on the posterior wall. The mass was hyperemic and bled easily upon 
touch, but there were no mucosal ulcerations.- Two portions of the lesion were biopsied 
for histologic examination. 

Following a report of the lesion as a carcinoid tumor of the rectum, abdominal ex- 
ploration was performed. A firm fixed mass was palpable at the terminal rectum below 
the pelvic peritoneum. The liver and right para-aortic and pararenal areas were studded 
with large, firm, white tumor nodules. A terminal loop colostomy was performed and the 
patient’s recovery was uneventful. Three weeks later she was discharged to her home. 
Social Service followup at her home six months later reported that she was having 
persistent nausea and vomiting and passing large amounts of blood per rectum. She was 
persuaded to reenter the hospital, but left a short time later, against advice, before any 
further examinations could be conducted. All subsequent attempts at further treatment 
were refused. 

Pathologic report: (M.I.P. — S-47-284). The specimen was received in Zenker's 
solution and consisted of two small pieces of tissue, somewhat friable, with the larger 
measuring 1.5 x 0,4 cm. 

Histological descriptions. Phloxine-methylene blue stain. In some areas the rectal 
mucosa was intact and normal. In others it was ulcerated and replaced by tumor cells. 
Throughout the entire rectal wall were masses, strands and columns of cells which had 
almost completely replaced the muscularis. There was a considerable amount of fibrous 
tissue accompanying the tumor cells, and foci of fibrin, polymorphonuclear leukocytes, 
lymphocytes and plasma cells were present throughout the rectal wall. The tumor cells 
did not show the characteristic festooning pattern of ribbons of cells but occurred in 
clumps, masses, or columns of round cells with fairly distinct cytoplasmic boundaries. 
In places the tumor cells had the appearance of a syncytial mass containing many nuclei 
and indistinct cell borders. Tiie nuclei were round or oval and showed a diffuse chromatin 
stippling. There was a moderate variation in size and shape of the nuclei and some of 
them had prominent nucleoli. No mitoses were seen. The cytoplasm of the cells stained 
heavily with phloxine. No acinar arrangement was present. Connective tissue stains 
showed an abundant amount of fibrous tissue stroma. The tumor cells resembled those 
seen in the carcinoid tumors of the appendix but also showed some atypical features such 
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as the variation in the size of the nuclei, and the presence of some prominent nucleoli. 
They lacked the festoons of ribbons arrangement seen in manj'^ rectal carcinoids. A 
modification of Bodian’s protargol stain”* revealed that granules in the cytoplasm of the 
Kultschitzky cells of the rectal glands stained black. Some connective tissue cells in the 
stroma between the glands also contained silver positive granules but in no cells, recog- 
nized definitely as tumor cells, could argentafifin granules be seen. Afasson’s technique 
for demonstration of argentaffin granules- was attcmi)tcd on tissue fixed in Zenker’s fluid 
and later “dezenkerized.” No argentaffin granules were seen in the tumor cells although 
some were present in the cytoplasm of the Kultschitzky cells. 

. Case 3. P.J., a 69-j'ear-old white male entered the Boston City Ho.spital on April 15, 
1947 stating that he had had black stools for one week prior to admission. A similar 
episode had occurred six weeks previously. During the week prior to admission the 
patient experienced anorexia and weakness. Physical and laboratory examinations were 



Fig. 5. Case 3. — Submucosal carcinoid tumor showing intact rectal mucosa. Phloxine- 

methylene blue. (X50.) 


essentially negative. Sigmoidoscopy revealed a small polyp about 1.5 cm. wide and' 2 cm. 
long with a small pedunculated base. It was located in the left and anterior walls of the 
upper portion of the rectum or at the recto-sigmoid junction. The polyp was removed 
for histologic analysis. A barium enema revealed diverticulosis but no evidence of other 
lesions. 

Pathologic report. (M.I.P. — S-47-2445). The specimen consisted of five small frag- 
ments of tissue, received in Zenker’s solution, the largest measuring 0.8 cm. in diameter. 

Histologic description. Phloxine-methylene blue stain. The sections are those of a 
small rectal polyp covered with intact normal mucosa. Replacing almost the entire stalk 
of the polyp were typical festoons of ribbons of tumor cells (Fig. 5). The ribbons were 
narrow and averaged two to four nuclei in width. These nuclei were round or trian^ilar 
in shape and contained a diffuse distribution of nuclear chromatin and no prominent 
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nucleoli nor mitotic figures. Occasionally nuclei two to three times the average size were 
seen. Cytoplasmic boundaries were distinct only at the margins of the ribbons. Also 
present in the sections were small foci of round, uniform-sized cells similar to those seen 
in the typical appendiceal carcinoid tumor (Fig. 6). Thin strands of fibrous connective 



Fig, 6. Case 3. — Submucosal rectal nodule showing characteristic festoons of ribbons 
arrangement and also nests of carcinoid cells. Phloxine-methylene blue. (X300.) 


tissue formed a loose supporting network for the polyp. Scattered throughout the tumor 
were foci of lymphocjdes. No perineural lymphatic or blood vessel invasion was found. The 
specimen was considered inadequate as far as determining the extent of the invasion and 
further material was requested. To date this has been ’ unobtainable. Bodian’s protargol 
stain revealed black granules in the cytoplasm of the Kultschitzky cells of the rectal 
glands and in the cytoplasm of several cells in the interstitial tissue of the mucosa and 
in the stroma of the tumor. No granules could be seen in cells that were definitely 
identified as tumor cells. Masson’s technic" on the tissue fixed in Zenker’s fluid showed 
granules in the cytoplasm of the Kultschitzky cells but not in cells definitely identified as 
tumor cells. 

DISCUSSION 

Since the studies of Oberiidorfer^ tlie term “carcinoid” had been used to 
designate these tumors of the intestinal tract that resemble carcinoma super- 
ficially and yet were believed to be benign because of their innocuous appearance 
histologically and their lack of distant metastases. The work of Masson 
culminated in his belief that these tumors were derived from the argentaffin 
(Kultschitzk}’^) cells of the gastro-intestinal tract, and since then many 
authors have used his designation “argentaffin tumors”." We prefer the term 
carcinoid or carcinoid tumor because our tumors have not shown argentaffin 
properties. We admit the term is not ideal as the tumor’s frequent malignant 
behavior belies its implied benignity. However, the difference in histologic 
appearance and clinical course warrant the use of the distinctive term “carci- 
noid to separate it from the usual adenocarcinoma of the gastro-intestinal tract. 

Carcinoid tumors of the gastro-intestinal tract occur about equally in both 
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sexes, and at all ages, but in general are most prevalent after the age of 40 
years. The most common site of occurrence of these tumors is the appendix. 
Dockerty, et. al.,^® state that 0.5 per cent of all appendices removed surgically 
show argentaffin or carcinoid tumors. Involvement of the ileum, the next 
most frequent primary site, is said by these authors to occur only a tenth as 
frequently as in the appendix. In general, the incidence of carcinoid tumors is 
low, and Ariel found^ that in a series of 2,373 neoplasms of the entire gastro- 
intestinal tract, taken from both surgical and autopsy material, only 1.3 per 
cent were carcinoids. 

The distribution throughout the gastro-intestinal tract of carcinoid tumors 
shoiying metastases varies somewhat from the overall distribution of both 
benign and malignant carcinoid tumors. In a series of 68 metastasizing carci- 
noid tumors of the gastro-intestinal tract collected from the literature by Miller 
and Herrmann,”^ the primar}’^ site of the tumor was the small bowel in 50 of 
the cases, the appendix in onl}-- 14, the colon in 3, and the stomach in one. 
The incidence of metastases has varied in large series. One author reported 
as low as 18 per cent,® whereas in a recent survey Ritchie and Stafford® found 
that of 332 cases of carcinoid tumor reported in the literature up to 1944, 126 
(37.9 per cent) have shown metastases. Dockerty and Ashburn®® state that 
carcinoids of the small intestine constitute 23 per cent of all malignant neo- 
plasms in this region. Apparently, the few tumors found in the colon are 
associated with a high incidence of metastases as Wyatt®® found that three of 
nine carcinoids of the colon showed metastases. 

Rigdon and Fletcher reviewed the literature® on carcinoid tumors of the 
rectum up to 1946 and found 14 cases. We have found an additional reported 
case of a rectal carcinoid tumor.^'^ More recently, Ehrlich and Hunter® have 
added ten more cases discoA^ered in members of the Armed Forces of World 
War II. These occurred in males from 18 to 39 years of age and were reported 
in a series of 813 tumors of the gastro-intestinal tract. From the Mayo Clinic 
Jackman^® reported four carcinoid tumors in a series of 87 consecutive patients 
with submucosal rectal nodules. Of this total of 29 carcinoid tumors of the 
rectum that haA'^e been reported in the literature, tAvo haA'^e shoAvn metastases. 
One of these, Koch’s case,^® shoAved invasion of the regional nodes, pehns, 
bladder, ureters, and metastases to the liver. Siburg’s case’^® shoAved local 
im’^asion of the rectal Avail and metastases to the regional, sacral, and para- 
aortic nodes, the liver, and to the thoracic and lumbar A’^ertebral marroAV. Our 
case I shoAved invasion of the rectal Avail, the rectovesical septum and adjacent 
nodes, and metastases to the liver (massive), right kidney, thyroid, and 
peripancreatic and periportal lymph nodes. Case II shoAved involvement of 
the nodes adjacent to the rectum and metastases to the liver, right pararenal 
area and para-aortic Ijunph nodes. Thus of a total of 32 cases four (12.5 per 
cent) haA'^e shoAvn metastases. 

The spread of the tumor is usually through the boAvel Avail to the regional 
nodes, thence to the liA'^er and occasionally elscAvhere. HoAA’^ever, blood-borne 
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Case IV F W 38 Rectal bleeding — 2 days. Firm nodule, covered with mucosa, 7x6 Hemorrhoids present. Patient 

X 4 mm., anterior wall rectal ampulla. alive, no recurrences 2J/4 years 

later 
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metastases have been reported in such organs as the spleen, dura, uterus, and 
ovary. We have seen a carcinoid tumor of the ileum which metastasized to 
the liver, spleen, pancreas, adrenals, ovary, heart and vertebral marrow. The 
metastases grossly usually resemble the primary tumor, being various com- 
binations of yellow and white. The metastases in our Case I presented many 
cystic and hemorrhagic areas similar to the hemorrhagic liver metastases 
described by Ritchie and Stafford"’ and Gold and Grayzell.^'^ 

Of particular interest in carcinoid tumors of the rectum has been the lack 
of reduction of silver salts by these tumors. This reduction and the subsequent 
demonstration of black granules in the cytoplasm of tumor cells is characteristic 
of carcinoid tumors arising elsewhere in the gastro-intestinal tract. Stout 
noted that three otherwise typical carcinoids of the rectum did not reduce 
silver salts and one gave only a slight browning of the granules present. He 
postulated that the explanation for the lack of reduction was due to the absence 
of an enzyme, enteromin, which was neces_sary for the reaction. As previously 
mentioned, we were unable to demonstrate granules which reduced silver 
salts in the cytoplasm of the tumor cells in our cases. 

Because of the wide distribution of argentaffin cells throughout the gastro- 
intestinal tract the multicentric origin of these tumors is possible, Dockerty, 
et al,,“° stated that one-third of their cases showed multiple foci of tumor 
throughout the gastro-intestinal tract. Case I showed at autopsy that only 
the rectum was involved. The original proctoscopic examination showed three 
separate nodules in the rectal wall. Case II showed an annular constricting 
lesion in the rectum. Barium enema and exploratory operation demonstrated 
no other gastro-intestinal lesions. In Case III a’ barium enema was negative, 
but obviously the question of other foci cannot be decided at present. 

CLINICAL DATA 

Age and Sex. The ages of the patients having a carcinoid tumor of the 
rectum have I'^aried from 19 to 71 3 '^ears and all intermediary decades have been 
represented. About one-half of the patients have been under 40 years. Metas- 
tatic lesions have occurred in patients 45, 51, 64, and 71 j'^ears. In 18 cases 
in which the sex of the patient was mentioned, 1 1 have been males and seven 
females. Metastatic lesions have occurred in three males and one female. 

Symptoms. Of a total of 32 'cases known to us (including our three cases) 
there has been no clinical data available in 13 cases. In nine other cases 
either no symptoms were mentioned or the tumors were findings incidental to 
phj'^sical examination or necropsy. The remaining 10 cases have had si'inptoms 
(Table I). Of these, four patients have had evidence of bleeding with tarr^^ 
stools in two cases and frank bleeding per rectum in the other two. Con- 
stipation was associated with rectal bleeding in one of these cases and decreas- 
ing caliber of tbe stool with tarry stools in another. Three patients had 
either constipation or difficulty in bowel movement with an obstructing 
sensation in the rectum, but without bleeding. Three of the four patients 
^Yith metastases showed the general symptoms of weakness, fatigue, weight 
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loss and other symptoms usualfy associated with malignant neoplasms. Three 
patients had associated diseases (regional ileitis in one case and hemorrhoids 
in two other cases) which obscured the relative importance of the carcinoid 
tumor in the causation of symptoms. Symptoms had usually been present from 
a week or two to a few months, although one patient had constipation and- 
rectal bleeding for one year prior to seeking medical attention. 

There has been some discrepancy between the extensiveness of the lesions 
and symptoms. Yaker remarked^® on the small lesions of the rectum (1.3 x 
1.2 X 1.0 mm.) in his case and yet the patient complained of some difficulty 
with bowel movements and of having an obstructing sensation in his rectum. 
However, Rigdon and Fletcher stated® that in their case the lesions were so 
numerous that one could not touch the rectal wall without touching tumor, yet, 
the rectal lesions were incidental findings at necropsy. 

Physical Findings and Gross Appearance oj the Tumor. In 14 cases in 
which the quadrant of localization in_the rectum was mentioned, eight showed 
the lesion on the anterior wall, two on the left anterior wall, and two were 
described as diffusely infiltrating the rectum. One case had innumerable nodules 
present throughout the rectum and one of our patients showed lesions in both 
the anterior and posterior walls. 

The type of lesions have been mentioned in 18 cases. A solitary nodule 
was present in 14 cases, multiple nodules in two, and annular constriction 
lesions in two other patients. In 10 cases in which the distance of the tumor 
above the anus was mentioned, five were 5 cm. above, two 4 cm., one 10 cms., 
one 8 cm., and one 2 to 3 cm. from the anal sphincter. Of 15 discrete 
solitary tumors nine were reported to be nodular, three polypoid, two sessile, 
and one was called a plaque. In 16 cases in which the lesion was described, 
12 of them were noted to be either partly covered with mucosa or entirely 
submucosal. The solitary lesions ranged in size from 0.2 cm. to 1.8 cm. m 
diameter and averaged about 1 cm. in 13 cases. Cut surface of the lesion 
was mentioned in 10 cases ; in seven of these a yellow color was either pre- 
dominant or noteworthy, two were white and one was red-brown. Five lesions 
were described as freely movable. 

Differential Diagnosis. Carcinoid tumors diffusely infiltrating the wall of 
the rectum cannot be clinically differentiated from an infiltrating carcinoma of 
the rectum. In one case such a lesion in a female patient raised a question of 
lymphopathia venereum. The polypoid type of carcinoid resembles grossly an 
adenomatous polyp or a polypoid type of adenocarcinoma. Sessile or plaque- 
like lesions may occur in either carcinoma or carcinoid. As previusly men- 
tioned, the majority of carcinoid tumors of the rectunr have some intact 
mucosa covering them or are submucosal ; however, a similar finding may 
occur in adenocarcinoma. Furthermore, the nodular carcinoid, although the 
most frequent in type, makes up only a small percentage of rectal submucosal 
nodules. Jackman^® has reported on 87 such lesions and only four were carci- 
noid tumors. Previous injection therapy, inflammator}'' lesions, benign con- 
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nective tissue tumors, and rarely malignant lymphomas, accounted, for the 
other submucosal lesions. 

It is obvious that only by histologic examination can a diagnosis be made 
with any degree of assurance. Even with pathologic examination there is the 
possibility that these lesions might be mistaken for adenocarcinoma of the 
rectum as has occurred in some instances in the past. The recent report of 
10 cases in relatively young members of the Armed Forces^ suggest that the 
lesion is more frequent than previously realized. 

Treatment. Most authors state that the plan of choice in treating malignant 
carcinoid tumors of the gastro-intestinal tract is resection of the primary site 
and as much of the metastatic lesions as is feasible. It is well known that, 
as a rule, the tumor is slowly growing and patients with known metastases 
have lived for many years. In one recorded case^® it has been stated that 
following resection of a primary carcinoid tumor of the small bowel, mesenteric 
metastases were noted but not removed. At necropsy 20 years later the same 
metastases were observed and except for some calcification were apparently 
unchanged. 

In carcinoid tumors of the rectum the problem is somewhat complicated. 
Only four Cases out of a total of 32 known to us have been associated with 
metastases. Local excision of the lesion has been followed in two cases in which 
a solitary rectal polyp was found, by survival periods of 9 and 2^ years 
without any evidence of local recurrence or metastases, and a third patient 
was known to be alive two years after removal of a small rectal carcinoid.'^ 
The fact that the lesions occur often in relatively young patients and that 
extensive surgery in the rectum carries with it considerable discomfort and 
annoyances associated with colostomy, is a factor to be weighed against the 
apparent low grade malignant 'nature of the neoplasm. 

From our limited experience of only three cases we can no more than 
point out what appear to be salient features. Our Case 1 died with generalized 
metastases two years after the onset of his symptoms. Case 2 had liver, kidney 
and lymph node involvement and was severely debilitated when last seen 
about two years after the onset of her symptoms. It is very difficult to 
differentiate, on histologic appearance, those lesions that have been associated 
with metastases and those that have not been, although two of our cases with 
metastases showed areas of atypical cells (Fig. 3). If, on rectal examination, 
an infiltrating type of lesion is found, a malignant type of lesion is implied 
but this is not infallible. Infiltrating and annular constricting lesions have 
been associated with metastases in two cases, but liver, bone marrow, and 
lymph node metastases were present in a case showing only a solitary, pea-size 
rectal lesion.^® In one case showing almost complete involvement of the rectal 
wall with innumerable nodules, autopsy revealed no metastases.® The age of 
the patient may be significant, for the nine-year survival after local excision 
was in a 19-year-old girl and the ages of the patients showing metastases were 
45, 51, 64, and 71 years. However, at least two cases of malignant carcinoid 
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tumors of the small intestine have occurred in patients under 40 years of age-*’ 
so that the age per se may not he too significant. 

It would appear that solitary freely movable lesions in young patients might 
be excised locally and the patient carefully followed for signs of local recurrence 
or metastases. Annular constricting or diffusely infiltrating lesions in middle- 
aged or elderly patients would appear to call for extensive surgery such as that 
used in adenocarcinoma of the rectum. Ca.ses lying between these two extremes 
call for considerable clinical judgment and pathologic acuity, and definitive 
lines of therapy probably will be drawn only after a large number of cases 
has been properl assayed. 

The application of radiation therapy to carcinoid tumors of the rectum or 
their metastases has not been reported, to our knowledge. Several au- 
thors,^' have observed that metastases from carcinoid tumors arising else- 
where in the gastro-intestinal tract appear to respond well to irradiation if the 
primary tumor is removed. These reports suggest that some carcinoids and 
their metastatic lesions ma}^ be radiosensitive. 

SUMMARY 

Three cases of carcinoid tumor of the rectum have been reported. One 
patient showed at necropsy metastases to the liver, kidney, thyroid and distant 
lymph nodes. In the second patient abdominal exploration revealed metastases 
to the liver, k'idney region, and distant nodes. In the third patient only a 
small polyp was. found in the recto-sigmoid area. 

Thirty-two cases of carcinoid tumor of the rectum have been reported 
(including our three). Of these, four (including our two) have been asso- 
ciated with distant metastases. 

The pertinent literature is reviewed, the symptoms and signs summarized, 
and the differential diagnosis, patholog}^ and treatment of these neoplasms 
briefly discussed. 
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Since submission of this report the authors have had an opportunitv to 

REVIEW 5 MORE RECTAL CARCINOID TUMORS, IN 2 OF WHICH THERE WAS AT LEAST INVASION 
OF THE RECTAL WALL AND ADJACENT TISSUES. In ADDITION, .WE HAVE NOTED A REFERENCE 
BY DuKES'" TO 9 CASES OF CARCINOID TUMOR OF THE ANO-RECTAL REGION SEEN BY HIM IN 
A STUDY OF 203 CARCINOMAS OF THAT AREA. ThREE OF THE CARCINOIDS' WERE DISCOVERED 
IN SURGICAL SPECIMENS CONTAINING CARCINOMA OF THE RECTUM. In ONLY ONE CASE 
WAS ADEQUATE FOLLOW-UP AVAILABLE.' THE PATIENT WAS A 34-YEAR-OLD WOMAN WHO 
WAS WELL AND FREE OF RECURRENCE 9 YEARS AFTER LOCAL EXCISION OF THE LESION. 


* Dukes, C. E. : Peculiarities in the Pathology of Cancer of the Ano-rectal Region, 
Proc. Roy. Soc. Afed., 39: 763-765, 1946. 
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MORBIDITY AND MORTALITY IN TALC GRANULOMA: 
REPORT OF A FATAL CASE f 

Alvin J. Swingle, M.D. 

Wood, Wise. 

DEPARTMENTS OF SURGERV AND PATIIOLOCV, VETERANS HOSPITAL, WOOD, WISCONSIN 
AND THE MARQUETTE UNIVERSITY SCHOOL OF MEDICINE 

Despite the rapidly increasing number of reports of postoperative 
complications and morbidity in which talcum powder has been incriminated 
as the etiologic factor, this noxious agent continues in use. The purpose of 
this paper is to re-emphasize the incidence of morbidity due to this compli- 
cation and report a case in which talc granuloma not only necessitated an 
unprecedented number of laparotomies but ultimately caused the death of 
the patient. 

INCIDENCE AND MORBIDITY 

When AntopoP in 1933 described the first case of intraperitoneal granuloma 
due to talc, he started a trend of thought which has since been developed 
and reported upon by many investigators. Antopol, as others before him, was 
primarily interested in lycopodium spores as a pathogenic factor in the pro- 
duction of tubercle-like granulomatous lesions. Indicative of the frequency 
and morbidity are the numerous clinical reports which have appeared in the 
literature since 1933. Most notable are those of Feinberg-, Owen**, Ramsey 
and Douglass,'^ McCormick and Ramsey,''’’ Byron and Welch,® Ramsey,'^ and 
German,® in which two to five laparotomies were necessitated for the relief of 
obstruction due to talc granuloma. German® reported one case in which five 
previous laparotomies had been performed. Lichtman Et AF reported talc 
crystals with surrounding foreign body response in 21 of 100 consecutive 
surgical cases in which there were dense adhesions resulting from multiple 
previous operations. 

In addition to intraperitoneal granulomas due to talc, Antopol and 
Robbins,^® Erb,^^ Antopol,^ Cline,*^ Fienberg,^ Ramsey and Douglass,^ and 
Lichtman Et A1,®X have reported identical lesions in the skin, vagina, rectum, 
eye, gallbladder, healing surgical wounds, and brain. Lichtman reported 
granulomas developing in scars from two months to 36 years after talc was 
implanted in the skin. In the Veterans Hospital, Wood, Wisconsin, Ross 
has found a large number of granulomatous lesions of the foreign body type 
among the routine surgical specimens. Of these most were definitely identifi- 
able as talc granulomas. This does not take into account the many draining 
sinuses occurring in operative wounds which were not biopsied and examined 
/or talc crystals. 

* Published with permission of the Chief Medical Director, Department of Medicine 
and Surgery, Veterans Administration, who assumes no responsibility for the opinions 
expressed or conclusion drawn by the authors. 

t Submitted for publication, March 1948. 
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EXPERIMENTAL PRODUCTION OF LESIONS 

Miller and Sayers/^- reporting on an excellent- series of experiments 
with various dusts in 1933 and 1934 pointed out that the peritoneal response 
to foreign bodies falls into one of three types e.g. : (1) absorptive, in which 
the foreign material is absorbed and no permanent lesion is formed; (2) 
proliferative, in which there is tubercle formation and proliferation of fibrous 
tissue (talcum falls into this class) ; (3) inert, in which the foreign material 
remains in the peritoneal cavity but produces no reaction at all. Owen^ in 
1936 produced talc granulomas experimentally in the peritoneal tissue of 
rabbits which were grossly and histologically identical to those removed 
from the peritoneum of a young woman two years after appendectomy. 
Bethune^’' in 1935 demonstrated the effectiveness of commercial talcum powder 
in producing pleural adhesions in preparation for lobectomy. Lichtman Et Al,® 
and Lee and Lehman,^® in well-controlled experiments on dogs, have con- 
clusively demonstrated the ability of talc to produce dense adhesions in the 
peritoneal cavity, and to cause and perpetuate both external and internal fecal 
fistulas. 

COMPOSITION AND PORTALS OF ENTRY 

Kroneberg^® found the composition of ordinary commercial talc used 
on surgical gloves to be talc 82.7 fo, calcium' carbonate 8.7%, magnesium 
carbonate 7.6%, 55% of the particles being less than 5 microns in diameter. 
Weed and Groves,^® in observations on 4,569 operations at the Central Surgery 
of the Indiana University Medical Center, showed that perforations of gloves 
occurred in 22.6% of all gloves used, thus providing a portal of entry for 
talc crystals. Our own observation reveals an additional portal in that rubber 
drains are liberally powdered with talc for autoclaving. The impossibility of 
completely removing all talc crystals from rubber drains or gloves is easily 
demonstrated. Regardless of how thoroughly they are washed, subsequent 
examination under the polarizing microscope will reveal many birefringent 
crystals still clinging to the rubber. 

Although much has been written of complications and morbidity due to 
talc granulomas, we were unable to find any report in which death was 
ascribable to this lesion and, consequently, no records of autopsy findings in 
human material. As previously stated, the largest number of multiple opera- 
tions was the five reported by German.® In the case herein presented fifteen 
operations were performed, death ultimately ensued, and an autopsy was done. 
It should be stated that this patient was operated upon initially while in the 
Army and only the last two surgical procedures were carried out in the 
Veterans Hospital at Wood, Wisconsin. 

REPORT OF A CASE * 

A.L.M., VA-93462, had no serious illness prior to 1942 when her present illness 
actually began. 


* This case is published with the permission of Dr. Forrester Raine, Senior Consultant 
in Surgery, who was the operating surgeon. , 
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History and Clinical Course. In December of 1942, at the age of 36, the patient had 
her initial operation for intestinal obstruction. At surgery an adenocarcinoma of the 
descending colon was found. The tumor together with 10 cm. of colon was removed and 
a primary end-to-end anastomosis was made. On her seventh postoperative day there was 
a disruption of the wound which required secondary closure. A draining sinus persisted 
in the operative wound. Approximately three months after the first operation she became 
completely obstructed and was again operated upon. At this operation a stricture of the 
descending colon was found at the site of the previous anastomosis and a Mikulicz type 



Fig. 1. — Segment of terminal ileum, removed at surgery, showing 
numerous granulomatous nodules. ' 


resection was done. " Pathologic examination of this specimen showed a granulomatous- 
type lesion with foreign body giant cells and was thought by the pathologists to be due 
to suture material (this examination was done elsewhere and, unfortunately, the slides 
could not be obtained for re-examination under the polarizing microscope). 

Between her first operation and her final admission to this hospital she was operated 
upon 14 times for adhesions and intestinal obstruction. Her story was monotonously 
similar for all these episodes, the sequence being surgery, hyperperistalsis and pam, 
alternating diarrhea and constipation, complete obstruction with nausea and vomiting, and 
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finally more surgery. At one of these operations, in February of 1944, a cholecystectomy 
was done. In June of 1946 an exclusion of the terminal 24 inches of ileum was effected 
by side-to-side anastomosis with the ascending colon. The terminal 24 inches of ileum 
which was an inseparably adherent, non-functioning mass was thus by-passed by the fecal 
current. Following this procedure the patient was able to get along fairly well although 
discomfited by persistent distention of the right lower abdomen and 12 to 14 loose watery 
stools daily. During this time she perspired freely, was easily fatigued, had insomnia and 



Fig. 2. — Remains of intestinal tract as seen at autops 3 ". The probe 
is in the cecal fistula. The entire mesentery and bowel show chronic, 
granulomatous changes. 

had daily swelling of her feet and puffiness of her eyes. She re-entered the hospital in 
January of 1947 because of severe headache and the persistent diarrhea. In February, 
1947 she again became completely obstructed. Conservative treatment was hampered 
by a severe sensitivity to rubber, and surgical intervention was necessary. At operation 
the peritoneal cavity was found to be almost completely obliterated on the right side by 
dense adhesions. Adhesions were freed and the excluded portion of ileum comprising the 
terminal 24 inches was excised in toto. On the 10th postoperative day the wound dis- 
rupted and a fistula developed. All measures directed toward controlling the fistula and 
maintaining nutritive balance failed and the patient died on the 86th postoperative day. 
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SURGICAL SPECIMEN 

Pathologic examination of the portion of ileum removed in February ot 
1947 showed a chronic adhesiA^e peritonitis with small greyish-Avhite nodules 
scattered over the serosal surface (Fig. 1), 
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Fig. 3A. — Granuloma on the surface of the right ovary. Hematoxylin and Eosin x 90. 
Fig. 3B. — Higher magnification under ordinary light. Talc crystals are visible. Hema- 
toxylin and Eosin x 400. , 

Fig. 3C — The same field under polarized light which makes the crystals more clearly 
visible. Hematoxylin and Eosin x 400. 
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Microscopic examination showed a thickening of the serosa with fibrosis, 
lymphocytic infiltration, and foreign body giant cells which had engulfed 
crystalline material. Examination under the polarizing microscope showed this 
crystalline material to be composed of birefringent crystals which were mor- 
phologicall}^ identical with talc crystals. 

AUTOPSY FINDINGS 

At autopsy the body presented the typical emaciated appearance of death 
by starvation. The cause of death was inanition due to chronic adhesive 
peritonitis. The gross anatomical findings were: (1) ulcerative gangrene 
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_FiG; 4A. — Section of peritoneal nodule (ordinary light) showing typical 
foreign body granuloma formation with talc crystals and large foreign body - 
giant cells. Hematoxylin and Eosin x 400. 

-Fig. 4B. — Same field under polarized light to show up crystals more 
clearly. Hematoxylin and. Eosin x 400. 

of the cecum with a fistula through the right abdominal, wall; (2) intra- 
abdominal fistulous tract from the cecum to the right pelvis; (3) localized 
sero-fibrinious peritonitis of the pericecal region and pelvis ; (4) diffuse 
chronic adhesive peritonitis; (5) diffuse talc granulomatosis of the peritoneal 
surfaces; (6) ulcerative esophagitis. 

Only the abdomen merits description in this report. All that remained 
of the gastro-intestinal tract was the stomach, duodenum, four loops of small 
bowel, and approximately two-thirds of the large bowel. The omentum and 
remaining loops of small bowel were firmly adherent to the anterior abdominal 
wall at the medial edge of the fistulous tract forming a pocket in the right 
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half of the abdomen containing necrotic and gangrenous cecum and ascending 
colon. This pocket was connected with a similar pocket in the right half of 
the pelvis by an intraabdominal fistula from the lower portion of the cecum. 
The right ovary, Fallopian tube, and uterus were firmly bound to the right 
pelvic wall by dense adhesions. Scattered throughout the peritoneal surface 
and in the mesenter}'- of the bowel there were numerous small greyish-white, 
tubercle-like nodules which varied in diameter from one to five mm. (Fig. 2 ). 
Mesenteric lymph nodes w'ere hypertrophic. 

MICROSCOPIC EXAMINATION 

All organs microscopically showed degenerative changes. Sections of the 
bowel showed gangrene and chronic enteritis. The intestinal wall was thickened 
by a chronic inflammatory process involving the serosal surface and charac- 
terized by lymphoc3d:ic infiltration, fibrosis, and foreign body giant cells con- 
taining birefringent talc crystals. Mesenteric 13'mph nodes showed a chronic 
lymphadenitis without the presence of talc ciystals. Kidne3'^s showed a nephrosis 
and calcinosis manifested by deposits of calcium in the convoluted tubules. 
Sections through the right ovaiy showed a chronic granulomatous perioopho- 
ritis. Figure 3 a is a low power field of a section of the right ovaiy showing 
a t3fpical granuloma on the serosal surface with an underlying marked foreign 
body reaction. Figure 3 b is a high power field of the same section showing 
the marked chronic inflammatoiy reaction with fibrosis, foreign body giant 
cells, and talc crystals. Figure 3 c shows the same field under polarized light 
which brings out the crystals more clearl3^ Sections of the nodules found in 
the peritoneal surface show a t3'pical foreign body granuloma formation 
characterized b3’' lvmphoc3Tic infiltration, foreign bod3’’ giant cells containing 
birefringent talc crystals and early fibrosis (Fig. 4 a and 4 b). 

DISCUSSION 

This patient was cured of her carcinoma since no evidence of recurrence 
or metastases was found at autops3". The 15 subsequent operations were all 
necessitated b3'’ intestinal obstruction due to adhesions which we feel can be 
directl3'^ ascribed to talc granuloma. Both the gross and microscopic appearance 
of the bowel removed at surger3' and the sections taken at autops3^ support 
a diagnosis of talc granuloma. The massive, dense adhesions, the small, 
greyish-white nodules in the peritoneum, and the formation of uncontrollable 
fecal fistula are typical of the pathologic changes described b3'^ Lichtman, 
Lee and Lehman,^® and other investigators in both human and animal material. 
The finding of large numbers of birefringent cr3rstals surrounded by a foreign 
bod3’’ inflammatory reaction is conclusive evidence that talc was the pathogenic 
agent in the production of this clinical and pathological picture. The occurrence 
of a chronic lymphadenitis without the finding of talc cr3fstals in the lymph 
nodes themselves is explained b3’’ Lichtman® in his description of the patho- 
genesis of talc granuloma as being due to the fact that talc immobilizes phago- 
cytes without destr03dng them, so that migration from the original site is 
limited, thus producing circumscribed granulomas. 


150 



Volume 128 
Number 1 


TALC GRANULOMA 


The role of infection in the formation of fibrous adhesions and the activation 
of granulomatous lesions due to talc is debatable. Lichtman,^ along with 
German,^ feels that infection is an important factor whereas Lee and Lehman^® 
were able to demonstrate, in dogs at least, that neither trauma nor infection 
were necessary to the formation of granulbmas or adhesions. It is probable 
that in the case under discussion, both trauma and infection contributed 
materially to the severity of the reaction. An interesting point for speculation 
is the fact that this patient was sensitive to rubber, reacting promptly and 
violently to even a gastric suction tube. This may also have been a factor 
in the severity of the peritoneal reaction and might be indicative of an unusual 
sensitivity to other foreign substances. 

An additional interesting sidelight in this case was the finding of nephrosis 
and calcinosis in the microscopic examination of the kidneys. These findings 
in this particular patient with a long history of intestinal obstruction and 
vomiting (and with marked shortening of the gastro-intestinal tract) are 
typical of the changes described by Martz.^^ 

Since talcum powder has been so conclusively demonstrated to be a 
dangerous agent in surgery and one whose deleterious effects in producing 
postoperative complications, increasing morbidity, and even causing death, 
far outweigh its advantages, it seems logical that its use should be discontinued. 
In the past several years numerous investigators have been searching for a 
suitable substitute for talcum powder. Of these, Seelig et al^^ in 1943 recom- 
mended the use of potassium bitartrate which they found would meet the 
physical requirements of steam sterilization and at the same time was inoncuous 
when placed in the peritoneal cavity. More recently, Lee and Lehman,^® 
after a well-controlled series of experiments with several agents, recommended 
the use of a commercially prepared corn starch derivative which proved to be, 
in both laboratory experiments and clinical use, a perfectly satisfactory sub- 
stitute for talcum powder in all respects. 

SUMMARY AND CONCLUSIONS 

1. From a survey of the literature and from our own observations we must 
conclude that talcum powder is a dangerous agent which has no place in 
modern surgery. The complications .and morbidity which confront the 
surgeon and the economic loss to the patient, all ascribable to talc, are 
staggering. 

2. In the case herein presented talcum powder was undoubtedly directly 
responsible for the death of the patient. 

3. Of the substitutes offered to date, the modified corn starch preparation 
recommended by Lee and Lehman seems best to fulfill all the requirements 
of a dusting powder for use on surgical gloves and drains. 
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The persistence of the vitello-intestinal duct in man, in whole or in 
part, is variously estimated to occur in .from 1 to 2 per cent of instances. 
The early human embryo is imperfectly differentiated from a large and 
conspicuous yolk sac and communicates with this sac widely by its ventral 
surface. This communication forms the lumen of the vitelline duct; it is 
conspicuous during the first month of gestation, but it usually disappears by 
the sixth or seventh week of fetal life. In cases in which the closure and 
obliteration of the vitelline (umbilical) duct are imperfectl)^ effected before 
birth, a portion, or even all of the duct may persist as a pervious tube. The 
anomaly caused by a persistent vitelline duct is termed “Meckel’s diverticu- 
lum.” The vitelline duct is accompanied in the embryo by the umbilical 
vessels. The latter, like the duct itself, may persist and in adult life may be 
found close to the diverticulum ; they may have an independent course or they 
may lie along the free border of the mesentery of the diverticulum, 

Eisendrath recorded six conditions which may be found to exist at birth 
and which are due to the persistence of the vitelline duct and umbilical vessels : 
(1) a complete canal which opens at the umbilicus and communicates with 
the lumen of the ileum; (2) a canal which opens at the umbilicus and ends 
blindly at a variable distance within the abdominal cavity; (3) a persistent 
intermediate portion of the duct which has no communication externally at 
the umbilicus or internall)'’ with the ileum, but which forms a cystoma owing 
to retained secretion; (4) a canal which is limited to the proximal end and 
which opens into the ileum; (5) a cord containing the umbilical vessels which 
may persist as an independent structure and which may be attached to the 
umbilicus separately. This vascular cord may take an independent course, 
the vessels may run along the free border of the mesenteriolum of the diver- 
ticulum or they may run from the diverticulum to form a cord which is 
commonly known as the terminal ligament; and (6) an absent or rudimentary 
diverticulum, in which event the only evidence of the presence of a congenital 
condition is a cord which contains the umbilical vessels, or traces of them and 
which extends from the mesenter}'’ to the umbilicus. 

Numerous reports of the occurrence of complications secondary to Meck- 
el’s diverticulum are recorded in the literature. These include intestinal 
obstruction due to intestinal volvulus, hemorrhage due to ulceration of aberrant 
gastric mucosa in the lumen of the diverticulum, intussusception, perforation. 

Submitted for publication, October 1947. 


153 



MORLOCK AND BENNETT 


Annals of Surgery 
July. 1948 


neoplastic involvement of the diverticulum, calculus formation in the diver- 
ticular pouch and umbilical fecal fistula. 

Reports of an external fistula presenting at the umbilicus, owing to 
Meckel’s diverticulum, have been confined to infants or children of a very 
early age. The development of an external fecal fistula in adult life owing to 
a patent vitelline duct, with persistent attachment at the umbilicus, we believe 
to be an uncommon occurrence. We were unable to find any record that such 
a complication had been previously reported. 

We recently had the opportunity of seeing a patient in whom an external 
fecal fistula, secondary to Meckel’s diverticulum, developed late in life. Because 
of the unusual nature of the case and the difficulties presented in diagnosis 
we felt it would be worth while to report it. 

REPORT OF CASE 


A 75-year-old widow had always been in good health except for a moderate hyper- 
tension of many years’ duration. She had undergone cholecystostomy for cholelithiasis 
30 years before admission to the clinic and had recovered therefrom without incident. 
Four days prior to admission, after the patient had played rather strenuously with her 
young grandson, generalized crampy abdominal pain, followed by vomiting and moderate 
distention of the abdomen developed. She consulted her family physician, who performed 
a roentgenologic examination of the stomach and colon and found tliem normal. She 
became progressively more ill and was referred to the clinic for an opinion. 

At the time of admission the patient was very ill, toxic and dehydrated. The tongue 
was dry and furred. The blood pressure was 170 mm. of mercury systolic and 106 mm. 
diastolic. Examination of the chest revealed depression of breath sounds, with fine 
crepitant rales at the base of the right lung. The abdomen was distended and mod- 
erately tympanitic; few peristaltic sounds were audible. About the umbilicus was a 
red indurated area of cellulitis which measured approximately 3 inches (7.5 cm.) in 
diameter, with an area of subcutaneous crepitus at its upper edge. The clinical picture 
was that of ileus with complicating bronchopneumonia. It was difficult to account for 
the periumbilical cellulitis. 

The voided urine contained albumin, grade 2 (on the basis of 1 to 4, in which 1 
represents the mildest, and 4 the most severe condition), numerous hyaline and a few 
granular casts, and a few .erythrocytes and leukocytes. The Kline flocculation test of 
the blood serum was negative. The hemoglobin measured 14.6 Gm. per 100 cc. of whole 
blood and the leukocytes numbered 6,000 per cubic millimeter. The value for blood urea 
was 144 mg. per 100 cc. and for the serum chlorides, 544 mg. per 100 cc. A roentgeno- 
gram of the chest showed pulmonary congestion and beginning bronchopneumonia on the 
right side. A roentgenogram of the abdomen revealed some distention of the coils of the 
small intestine. 

Food could not be retained because of nausea, so fluids were given intravenously. 
Because of the pneumonia, 2.5 Gm. of sodium sulfadiazine were given intravenously every 


day. The abdominal distention was relieved by intestinal intubation. 

Despite every supportive measure available, the patient became progressively more 
ill. There was persistent fever, with a temperature which varied between 101° aM 
103° F. (38.3° to 39.4° C.). The pneumonia became more extensive. Necrosis and 
ulceration developed in the area of periumbilical cellulitis and foul purulent material, 
with a strongly fecal odor, began to drain from this point on the tliird hospital day. 


Death occurred on the sixth hospital day. 

At necropsy we found a small opening at the umbilicus from which was oozing thin 
purulent fluid with a fecal odor. On opening the peritoneal cavity no evidence o 
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inflammation was noted. A bandlike structure arose from the ileum 15 cm. proximal 
to the ileocecal valve and extended to an attachment at the umbilicus. This appeared 
to be a persistent vitello-umbilical duct (Meckel’s diverticulum). 

There was an abnormal mobility of the cecum and ascending colon, these structures 
lying in the left half of the abdomen. There was chronic ulcerative cholecystitis with 
cholelithiasis. The gallbladder contained 150 cc. of purulent fluid and five black stones 
which averaged from 0.3 to 0.6 cm. in diameter. Thrombosis of the left iliac and femoral 
veins had led to bilateral pulmonary embolism, and small infarcts of the lung were 



Fig. 1. — Connection of the Meckel’s diverticulum with 
the antreior abdominal wall. The diverticulum has been 
opened longitudinally and the probe is in the fistula. The 
arrow shows the most distal point of contact of the diverti- 
culum with the ileum. 

present. Incidental findings were a traction diverticulum of the esophagus associated 
with healed tuberculosis of the lungs and hilar lymph nodes, and diverticulosis of the 
sigmoid. The immediate cause of death was considered to be extensive bronchopneumonia 
which had involved both lungs. 

On closer examination, the Meckel’s diverticulum (Fig. 1) was found to arise from 
the lumen of the ileum at an oblique angle, the proximal 4 cm. of it being incorporated 
in the wall of the ileum ; both the diverticulum and the ileum were covered by a common 
serosa which, in effect, produced a double lumen tube. The opening into the ileum w'as 
approximately 1.3 cm in its greatest diameter, and the average diameter of the proximal 
portion of the diverticulum was 0.8 cm. The length of the diverticulum, from its point 
of contact with the bowel wall to its junction wnth the anterior abdominal Avail at the 
umbilicus, w'as 17 cm. The distal portion of the diverticulum, for a distance of 6 cm., 
lan parallel to the anterior abdominal w’all and w'as covered Iw parietal peritoneum. 
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The terminal 2.5 cm. of the diverticulum was gray in appearance and necrotic, but it 
was intact throughout, except for the tip, A fistulous tract began at the tip of the 
diverticulum, coursed through the subcutaneous fat and an abscess in the subcutaneous 
tissue, and opened externally at tiie midpoint of tlie umbilicus. The subcutaneous abscess 
contained approximately 4 cc. of pus. There was no gross evidence of ulceration on the 
mucosal surface of the diverticulum proximal to its attachment to the anterior abdominal 
wall. 

Microscopic examination of sections taken from tlie distal portion of the diverticulum 
showed chronic suppurative inflammatory changes witii active proliferation of fibroblasts 
and capillary loops. Much of the mucous membrane of tliis portion of the diverticulum 
was destroyed. Tlie lumen of the diverticulum was filled with polymorphonuclear leuko- 
cytes and necrotic debris, and it communicated freely through a necrotic wall with an 
abscess in the fibrous and adipose tissue of the anterior abdominal wall. Sections taken 
from the proximal portion of the diverticulum showed a minimal amount of acute 
inflammatory exudate on the serosal surface; otherwise they were not remarkable. There 
was no evidence, from any section taken, of generalized peritonitis. A section of the 
diverticulum at its junction with the anterior abdominal wall confirmed the gross impres- 
sion that it was covered with peritoneum; this led to the conclusion that the diverticulum 
was congenitally located in the position in which we found it, and that it had not become 
secondaril}' attached as a result of an inflammatory process. 

COMMENT 

Aberrant gastric mucosa is sometimes found in Meckel's diverticulum. 
Such aberrant tissue has led to ulceration and severe bleeding from the gastro- 
intestinal tract. It is not unreasonable to believe that an ulcer which develops 
in this way could perforate and could result in an abscess and fistula similar to 
those noted in our case. A meticulous search of serial blocks of tissue afforded 
no confirmation whatsoever of this postulate. However, since the mucosa was 
completely destroyed in some of the sections, that such a possibility was 
existed in our case cannot be positively excluded. More probably the sequence 
of events was, as our evidence suggests, inflammation of the diverticulum 
which led to necrotic diverticulitis wdth perforation, abscess and ultimately 
fistula formation. This complication of Meckel’s diverticulum in the eighth 
decade of life is undoubtedly unusual, but that it does occur, again emphasizes 
the fact that Meckel’s diverticulum is a constant hazard to a patient who 
harbors one, even though he may for many years be unaware of its presence. 
In a review of the literature, two interesting cases of umbilical fistula due 
to Meckel’s diverticulum were encountered. Neither of these, however, re- 
sembled the case we are reporting. In one of these cases, Ratnayeke reported 
the successful repair of a fecal fistula due to a patent vitelline duct in a six- 
week-old infant. In the other case® a draining umbilical sinus developed in a 
healthy twent 3 '--year-old man. At the time of operation the sinus was found 
to communicate with a sac situated under the umbilicus. The sac proved to 
be a remnant of the distal end of the vitelline duct. There was no connection 
between the sinus and the ileum in this case. 

SUMMARY 

We have reported an unusual complication of a meckelian diverticulum. 
This was the occurrence.' in a 75-year-oId patient, of an external fecal fistula 
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which presented at the umbilicus and which communicated with the ileum 
through a persistent vitello-intestinal duct. The diverticulum had caused no 
symptoms prior to the patient’s last illness. VVe were unable to find, in the 
literature, record of a previous similar complication in Meckel’s diverticulum. 
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FROM THE SURGICAL SERVICE OF THE JEWISH HOSPITAL 

When considering the differential diagnosis of an abdominal mass, it is 
customary to include a mesenteric tumor among the possibilities. A brief 
review of the literature will show that such tumors are among the rarest of 
abdominal neoplasms. Furthermore a chylous cyst is one of the rarest of 
mesenteric tumors. Some idea of its rarity may be obtained from the statistics 
assembled by Slocum'^ which show that only six cases were recorded at the 
Massachusetts General Hospital from 1900 to 1926 ; only one case was noted 
in over 93,000 admissions at the University of California Hospital and the 
Los Angeles General Hospital had onl)^ one case in over 188,000 admissions. 
While these figures are from reports of over ten years ago, the frequency of 
this condition has not increased. A recent case report by Beahrs and Judd' 
states that there have been seven cases at the Mayo Clinic in more than one 
million patients. The case which I am reporting is the first one recorded at the 
Jewish Hospital in over 160,000 admissions since our modern recording s)fstem 
was started 20 years ago. 

It is important to specify what is meant by a chylous mesenteric cyst as 
much confusion exists in the literature. Various types of mesenteric cysts are 
described which need not be enumerated, but the chief confusion exists between 
a true chylangioma and an enterocystoma due to cystic dilatation of a con- 
genital duplication of the bowel. This differentiation is most important accord- 
ing to Ladd and Gross^ because they are pathologically different and require 
different forms of treatment. The duplication is a thickwalled structure which 
has all the intestinal layers in its wall. It usually lies immediately adjacent 
to the bowel between the folds of the mesentery and the musculature of the 
duplication is so intimately associated with that of the intestine that they 
cannot be separated without injury to the latter. The blood supply of the 
duplication is the same as that of the adjacent intestine so that the duplication 
cannot be removed without destroying the intestinal blood supply. The true 
mesenteric cyst on the other hand, is thin-walled and has no muscular coat or 
mucosal lining. While it may lie against the mesenteric surface of the intestine, 
there is a cleavage between the two so that it can usually be excised without 
injuring the bowel or its blood supply. These cysts could arise by obstruction 
of a lymphatic trunk, but the absence of demonstrable inflammation or other 
fibrosing lesion in the mesentery in such cases leads Ladd and Gross to doubt 
this theory. They believe that these cysts develop from misplaced bits of 
lymphatic tissue which proliferate and then accumulate fluid because they do 
not possess communications with the remainder of the lymphatic system. 
The source of the chylle in these cysts has not been definitely determined. 

* Submitted for publication, December 1947. 
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Dowd^ in a classic paper believed that it was an effusion into a preformed 
cyst because the rich anastomosis of peritoneal lymphatics seems to preclude 
cyst formation by obstruction to even many channels. On the other hand 
Ewing^ is of the opinion that they are true chylangiomata due to congenital 
or acquired obstruction of lacteals. 

Like many other types of cyst, these lesions seldom cause marked symp- 
toms until complications develop. The most common complication is partial 
intestinal obstruction with its accompanying cramping pain. When this de- 
velops in the presence of a palpable mass, it is likely that a torsion of a tumor 
would be suggested, whereas, due to its location between the mesenteric leaves, 
these cysts rarely become twisted. In addition to intestinal obstruction which 
is common (30 to 50%) and torsion which is rare, Thompson and Chambers® 
state that other complications include peritonitis secondary to obstruction or 
rupture, hemorrhage into the cyst, rupture of the cyst either spontaneously 
or due to trauma, and incarceration of the cyst in the pelvis. In cases where 
complications have developed there is little time for delay so that an accurate 
diagnosis is seldom made before operation. However, when it is safe to take 
time to make leisurely studies HinkeH believes that roentgenologic methods 
are of value. In three patients' he was able to localize the lesion by studying 
its relations to the surrounding structures. This is done by giving a barium 
meal or enema followed b}’’ roentgenoscopic palpation of the lesion. 

When confronted with one of these rare lesions the surgeon has a choice 
of several procedures. Most authors agree that the ideal solution is enuclea- 
tion of the cyst from the mesentery if this can be done without interference 
•with the blood supply to the bowel. According to Roller® the mortality of 
such treatment is 9 per cent whereas if it is necessary to add intestinal resec- 
tion, the mortality is tripled. In some cases it may be inadvisable to attempt 
to remove the cyst either with or without intestinal resection and in these 
instances the sac may be marsupialized. The recovery rate after such operation 
IS high but there may be a persistent sinus, although in several cases reported 
the sinus closed within a reasonable time. 

REPORT OF CASE 

A single girl, age 17, -was admitted to the Jewish Hospital on the evening of October 
29, 1947 complaining of abdominal pain. On the preceding day she had felt tired and 
slept poorly. She awoke with a pain around the umbilicus and ate little breakfast. The 
pain continued all day although her bowels moved and there was no nausea or vomiting. 
Her temperature and pulse were normal. Examination on admission revealed a mass in 
the mid lower abdomen which was not movable and was dull on percussion. No tender- 
ness was present over the appendix but there was moderate tenderness over the mass. 
Bimanual examination by rectum, after cath^erization of the bladder, revealed the uterus 
to be normal size and anterior and a mass about the size of a large orange was situated 
above the uterus. This was thought to be an ovarian cyst, probably dermoid and since 

tiere was abdominal pain, it was thought that partial torsion had occurred. Operation 
was advised. 

Opeiation. — The abdomen was opened through a low right paramedian incision and 
a cystic mass was exposed at once. Examination of the pelvis showed normal pelvic 
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organs and the mass was not arising from the pelvis. Attempts to deliver the cyst from 
the wound were not successful until the wound was enlarged upward. After extending 
the incision, the mass was delivered along with several loops of lower jejunum. It was 
then determined that it was a cyst between the leaves of the mesentery with the small 
bowel stretched over the periphery. It was decided to attempt enucleation and an 
incision was made along the left leaf of the mesentery perpendicular to the bowel. The 
wall of the cyst was so thin that it was perforated and about a pint of milky fluid was 
expelled. The edges of the cyst were grasped with hemostats and the cyst wall was 
separated from the leaves of the mesentery. The cyst was unilocular and extended down 
to the mesenteric root. It was enucleated without interference with mesenteric vessels and 
the incision in the mesentery was closed with a continuous catgut suture. The abdomen 
was closed in layers without drainage. The convalescence was uneventful and she was 
discharged from the hospital on November 9, 1947. 

Summary. — Chylous cyst of the mesentery has an incidence of one case 
to 150,000 hospital admissions. It is seldom diagnosed before operation 
since it usuall}'^ causes no symptoms until important complications arise. The 
true mesenteric C3'’st must be differentiated from the enterogenous cyst second- 
ary to duplication of the bowel since the surgical problems involved are 
different. The manner in which the chyle enters the cyst is speculative. The 
ideal treatment is simple enucleation but intestinal resection may have to be 
done in addition. If the cyst wall cannot be removed with safety it may be 
marsupialized with reasonable hope of cure. A case is reported in which a 
simple enucleation was done with prompt recovery. 
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CAUSALGIA FOLLOWING GUNSHOT INJURIES OF NERVES 
Role of Emotional Stimuli and Sm'gical Gure through Interruption of Dien- 
cephalic Efferent Discharge by Sympathectomy 

James C. White, M.D., William W. Heroy, M.D., 

AND Edmund N. Goodman, M.D, 

Boston, Mass. 

from the -NEUROSURGICAL SERVICE OF THE U. S. NAVAL HOSPITAL, ST. ALBANS, N. Y. 

“Perhaps few persons who are not physicians can realize the influence 
which long-continued and unendurable pain may have upon both body and 
mind. . . . Under such torments the temper changes, the most amiable grow 
irritable, the soldier becomes a coward, and the strongest man is scarcely less 
nervous than the most liysterical girl. . . . Nothing can better illustrate the 
extent to which these statements may be true than the cases of burning pain, 
or, as I prefer to term it, causalgia, the most terrible of all the tortures which 
a nerve wound may inflict.” These comments were made by Weir MitchelU° 
in 1872, following an account originally written while he was seeing almost 
dail}'^ numbers of men suffering from gunshot wounds inflicted during the 
Civil War. 

During the World War I not much progress was made in treating this 
condition, beyond the discovery that certain procedures were of little value. 
These included neurolysis, repeated resection of neuromata, proximal section 
of the affected nerve trunk or its chemical block, periarterial sympathectomy,'* ** '* 
and division of the posterior spinal roots. In the major causalgias,*^ excluding 
rare and almost exceptional instances, all failed to give the hoped-for-relief. 
To make matters worse, the burning pain often persisted for years, so that 

* This article has been released for publication by the Division of Publications of the 
Bureau of Medicine and Surgery of the United States Navy. The opinions and views set 
forth are those of the writers and are not to be construed as reflecting the policies of the 
Navy Department. 

t Submitted for publication, September 1947. 

**In addition to the earlier European reports, which have been summarized by 
Leriche.ss Homans^'* and Fontaine and Herrmann^^ in this country have recorded a few 
successful results from this operation in the atypical minor causalgias, Siideck’s atrophy, 
etc. Leriche, although advocating periarterial sympathectomy as a preliminary procedure, 
admits a considerable number of failures (4 out of 10). In cases of severe diffuse post- 
traumatic neuralgia, he has concluded that this operation is generally ineffective. A simi- 
lar conclusion has recently been expressed by Ulmer and Mayfield,^® in whose hands 
this operation was ineffective. 
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when John Mitchell reviewed the subsequent history of some of his father’s 
cases in 1895 he found a considerable number who had continued to suffer 
permanently. Leriche^® also has recorded a case of 17 years’ duration. In a 
few cases the burning pain undoubtedly subsides with time and spontaneous 
or surgical repair of the injured nerve, but the interval is often so long that 
irreparable changes have taken place in the skin, muscles, bones, and, most 
serious of all, in the individual’s psychic constitution. As a result drug addic- 
tion, deterioration of the personality, and ultimate suicide have been frequent 
terminal results. 

In the 1920’s progress in therapy began with the discovery of effective 
methods of sympathetic denervation of the limbs. The work of Leriche in 
Strasbourg, which is best summarized in his book on “The Surgery of Pain,”^® 
was a great stimulus, and it is to him, more than to any other, that credit is 
due for pointing out the role of the sympathetic nervous system in the causalgic 
syndrome. Sporadic favourable results of surgical interventions on the sym- 
pathetic ganglia were also published by Spurling,®" Ross,®^ Kwan,^^ Living- 
ston, and others. During World War II rapid strides were made, especially 
by British and American surgeons. It has now become apparent that the 
classical syndrome of major causalgia, with related emotional and autonomic 
manifestations, can be treated by early sympathetic denervation of the arm or 
leg with consistent success. Case reports to back up this statement have been 
published by Doupe, Cullen, and Chance,® Mayfield and Devine,®® Speigel and 
Milowsky,®^ Rasmussen and Freedman,®® Tyson and Gaynor,®® Albritten and 
Maltby,® and Ulmer and Mayfield.®® The following series of 13 cases gives 
added confirmation and emphasizes the role played by the sympathetic nervous 
system. 

CLINICAL PICTURE OF CAUSALGIA 

The clinical picture of major causalgia with burning pain in the hand or 
foot, trophic changes in the skin, subcutaneous and bony structures, and auto- 
nomic stigmata of excessive vasomotor and sudomotor activity is so well 
known (Leriche,^® Livingston,®® de Takats®®) that it will not be discussed here. 
As Livingston has pointed out, it is unfortunate that so many observers, 
including Mitchell himself, have included so many conditions with burning 
pain as the only point in common under the diagnosis of causalgia. Other 
conditions causing persistent pain and hyperesthesia after nerve wounds have 
recently been discussed by White Siideck’s atrophy, so-called reflex dys- 
trophy, post-traumatic arthritis, and neuralgia in amputation stumps should 
be definitely excluded from this classification. In our opinion the term causal- 
gia should be limited to include only the sequelae to penetrating wounds of the 
extremities, which cause injury to the nerve trunks and the triad of burning 
pain, trophic changes, and autonomic phenomena. This is such a distinct 
clinical entity that there should be no difficulty with its differential diagnosis. 

As regards the vasomotor changes, some observers, notably Mitchell®® 
and de Takats,®® have been struck by the tendency to local warmth and 
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vasodilatation,* but this phenomena is certainly not a constant one. Living- 
ston^® has taken exception to this view, as he found relatively few instances 
where a local rise in temperature was a persistent feature. More often, when 
it does occur, it is transient and is followed by a fall in temperature so that the 
involved part becomes colder than normal. In Ulmer and Mayfield’s®® series 
they found 35 patients with cold and 40 with hot extremities, whereas in our 
group all 13 patients had cold and moist extremities (see Table I). Perhaps 
the difference may arise in the date at which these individuals are first 
examined. Mitchell must have seen his Civil War wounded and de Takats 
his civilian patients at an early date, whereas our sailors and marines evacuated 
from distant outposts in the Pacific required longer time to reach the hospital 
than the European wounded treated by Mayfield and his associates. While 
de Takats®® has shown by oscillometric tracings that the vasodilator response 
is unilateral, the vasoconstriction and abnormal sweating which we have 
observed usually involve the other extremities as well, although' often to a 
lesser degree. It is quite possible that cutaneous vasodilatation is the charac- 
teristic condition in the early phase of causalgia, but after a time at least the 
Opposite is most frequently the case. Everyone who has studied the condition 
in the recent war wounded has been impressed by the profuse sweating of the 
involved hand or foot, but nervous sweating of the palms and soles is a 
common phenomenon in wounded men, especially when pain or worry are 
prominent features. 

The principal purpose of this paper is to emphasize the importance of 
thermal and emotional factors on aggravation of pain, and the effectiveness of 
sympathectomy in its relief. In order to bring out the salient factors on which 
the etiology of the condition depends and the rationale of eliminating the 
efferent sympathetic discharge to the painful limb, we plan to present our 
clinical data first and to discuss their implications afterwards. For con- 
venience, the most important features of each case are summarized in Table I 
and further details are given in the brief case histories of each of the 13 
patients which follow. 

CASE HISTORIES 

Case 1. — Charles R., 21 years, Pfc., U.S.M.C. : On Okinawa on 5/1/45 this private 
received multiple wounds from a “booby trap” in the head, right thigh, and left upper arm. 
Within a few hours he noticed the onset of burning pain in the left hand, together with 
a sense of partial numbness in the second and third fingers. All his wounds healed unevent- 
full}'. On 6/18/45 at another hosptial the median nerve was explored and minor adhesions 
freed, without the least benefit. On admission to the U. S. Naval Hospital at St. Albans 
on 7/16/45 he complained of constant diffuse burning pain in the entire hand and lower 
forearm, which was increased by cold, sudden noises, and any form of apprehension. He 
could not tolerate the minor disturbances on the open ward, and he kept his hand con- 
stantly moist with a wet towel or by immersion in a basin of lukewarm water (Fig. lA.l 

* In a previous article one of us^^ attempted to explain pain during states of vasodila- 
tion, as well as during constriction, to the overactivity of S3'mpathetic vasodilator filers. 
Such fibers have been postulated on the basis of observations made Iw Lewis and Pick- 
ering,^® but the recent work of Sarnoff and Arrowood®® has made this hypothesis untenable. 
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Fig 1A — Case 1. Preopeiative photograph of patient guarding painful left 
hand and soaking it in lukewarm water. 



Fig IB — ^Postoperatire photograph show- 
ing free use of formerly sensitive hand. 


1 He was suffering so much that he begged 
j for early relief. Accordingly diagnostic 
I paravertebi al procaine block was per- 
I formed on the day after his admission. The 
1 nervous apprehension caused by this pro- 
, cedure resulted in such severe throbbing 
J pain that it was necessary for a hospital 

I corpsman to drip lukewarm water over the 

I lower arm and hand while the needles 

I were being inserted in his back However, 
1 within a minute of the time the infiltration 
j of procaine began the discomfort disap- 

peared, and a few minutes later the cold 
J extremity became warm and dry. That 
evening he went to the movies for the first 
time, but noticed some recurrence of his pain. 
Left thoracic preganglionic sympathectomy 
was performed two days later, followed by 
complete relief. He got up on the first 
postoperative da}’’ and was able to move 
out on the open ward and use his hand 
without discomfort (Fig. 13.) Shortly 
thereafter he began to play volley ball and 
other strenuous games, and was then dis- 
charged from the Marine Corps to enter 
civilian work. 


Case 2. — Charles AL, 19 years, Pfc., U.S.AI C. On 2/28/45 at Iwo Jima this marine 
was struck by a bullet in the right upper arm and flank The bullet, which traversed the 
low'er third of his arm, caused a partial injurj’’ of the median and ulnar nerves, nicking 
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the brachial artery as well. Eleven days later the resulting aneurysm was operated upon 
at Pearl Harbor. Immediately afterward he began to complain of burning pain deep in 
the hand, made worse by cold, touching the extremity, or by excitement such as that 
caused by watching a baseball game or by a close call in an automobile. On arrival at 
St. Albans he had a cold hand without any radial pulse, the characteristic signs of median 
and ulnar paralysis, and severe ischemic fibrosis of the flexor muscles in his forearm. 
On 8/21/45, a week after his admission, following temporary relief obtained by para- 
vertebral procaine block, his moderately severe causalgia was relieved by preganglionic 
sympathectom}'. Although the relief of his burning pain and hyperesthesia was complete 
and the hand became' totally dry, there was little increase in temperature in the anes- 
tlietic median and ulnar areas (see below under discussion). Since this operation he 
has been hospitalized for a period of si.x months for plastic procedure to release scar 
tissue contractures in his forearm and elbow. No operation on the injured nerves has 
been necessarj* because of their spontaneous regeneration. We have been interested to 
observe that with early return of sensation he has developed the usual mild cutaneous 
hjTJeresthesia that accompanies nerve regeneration, but without any trace of his previous 
burning pain. This has been a common finding in other cases. 

Case 3. — Norman C., 23 years, Pfc., U.S.IM.C. ; A machine-gun bullet passed through 
the left forearm on 1/5/45, causing partial paraly^sis of the median and radial nerves. 
Five hours later, on recovering from anesthesia for debridement of the wound, he began 
to suffer from causalgic pain through his hand. Neurolysis and partial suture of both 
partially paralyzed nerves had been performed four months prior to his admission to 
St. Albans, and this had resulted in some improvement in his burning pain, but he 
still complained of severe stabbing, shooting pain in his wrist and hand. This was made 
definitely worse by cold weather but was not related to emotion. We regarded this as 
a somewhat atypical case of causalgia, but we obtained satisfactory relief by diagnostic 
procaine block. Preganglionic sy'mpathectomy, performed on 9/5/45, has been followed 
by a complete remission of all his complaints. During the three months that have elapsed 
since operation there has been only partial vasodilation in the residual hypesthetic 
territory of the median nerve (see below under discussion). 

Case 4. — Frederick S., 19 years, Pfc., U.S.M.C. : Multiple wounds in the, right upper 
and lower arm were received at Okinawa on 5/10/45 (Fig. 2) with partial median and 
complete ulnar paralysis. His burning pain began five hours after he was wounded. 
Next to Case 1, this patient had the most severe causalgia of the entire series. When 
he was admitted to St. Albans in July the burning pain involved his entire hand. This 
became^ much worse in the cold and quite unbearable on any psychic disturbance, so that 
he lay in a quiet, darkened room with his arm immobile on the bed (Fig. 2A) and usually 
protected b}" moist towels. He complained particularly of the aggravating effect of loud 
noises, jarring of the bed, exciting movies or any other psychic stimuli, of cold draughts 
of air over his hand or cold, rainy weather. The patient stated that each night when he 
got quieted down and relaxed his pain largely disappeared and he was able to sleep well, 
but it would appear again soon after he awakened. At the time of his admission he 
unfortunately had a complicating infectious hepatitis, ,so that we did not dare submit him 
to general anesthesia and operation until his jaundice cleared. During this period of 
waiting his causalgia was relieved three times by paravertebral procaine infiltration of 
the upper thoracic ganglia, only to recur within a few hours on each occasion. Finally 
sympathectomy was performed on 9/19/45 and his causalgia disappeared from this date. 

A week later the nerves in his arm were widely exposed and a long gap in the ulnar 
repaired by transplantation and suture. Figure 2B shows the complete injury to the ulnar 
nerve and the surrounding adhesions of the median, which undoubtedly gave rise to the 
causalgic syndrome. In the forearm there were only fine adhesions to each trunk. Fol- 
lowing suture the patient made excellent progress in nerve regeneration at tiie rate of 
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Fig. 2A . — Case 4. Preoperative photograph of patient to illustrate 
wounds in arm and characteristic position in which patient kept it im- 
mobilized. Hand ■was usually protected by moist towel. Note moisture of 
palm and trophic changes. 

3 5 mm per day It is again of interest to note that, whereas vasodilation of the median 
area was complete following preganglionic sympathectomy (skin temperature of the first 
three fingers in a room at 67° being between 86.5° and 90°), the temperature in the hemi- 
anesthetic ring finger measured 90° on the median and 86° on the ulnar side, and in the 
completely denervated little finger, w’here there was complete degeneration of the post- 
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ganglionic sympathetic fibers, was reduced to 74°. (See discussion below. He has been 
under observation for one year and remains free of his former burning pain. 

Case 5.— John H., 25 years, Maj., U.S.M.C. : This officer was struck by shell frag- 
ments at Okinawa at 5/4/45, from which he sustained a compound fracture of the 
surgical neck of the left humerus and other injuries of lesser importance. The missile, 
which entered his axilla, partially divided the axillary artery and ulnar nerve, and severed 
the median. Severe causalgic pain developed immediately throughout his entire hand. 
On admission to St. Albans he was in poor general condition and still had an unhealed 
wound in his left axilla. This soon began to extrude clots of blood so that it was necessary 
to ligate the axillary artery on 9/15/45 to prevent serious hemorrhage. This operation 
permitted evaluation of the nerve injury, but median suture in the presence of sepsis was 
out of the question. It was of interest that this patient, in addition to noticing an increase 



Fig. 2B. — Photograph taken at secondary exploration preliminary to suture of 
severed ulnar nerve. Note wide gap in ulnar and lateral neuroma of median nerve 
In lower forearm neither median nor ulnar nerves were injured. The median is shown 
elevated by the hemostat. 

in his burning pain on cold and psychic stimuli, complained bitterly of the throbbing pain 
in his hand during any slight argument or whenever his children cried. Following diag- 
nostic block, thoracic sympathectomy was performed on 9/27/45 and has produced an 
excellent result to date (12 months). His median nerve was sutured on 3/6/46, a month 
after final healing of his wound. In this patient, as in Cases 2, 3, and 4, there was no 
vasodilatation in the cutaneous area of the median nerve, where the postganglionic sym- 
pathetic fibers had degenerated from the injury to the nerve trunk (skin temperature of 
first three fingers averaging 72°, but 90° in fifth finger). The physiologic reasons for 
this phenomenon are given below (see discussion). He remains free of pain at the end 
of a year. 

Case 6.— Robert B., 23 years, Cpl., U.S.M.C. : On 6/19/45 this patient had received 
gunshot wounds resulting in compound fractures of the left clavicle and right femur. 
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There was an accompanying partial paralysis of the brachial plexus and injury to the 
subcla\ian artery Emergency treatment consisted of debridement without direct expo- 
sure of the nerves His causalgic pain developed a week after his injury. On admission 
to St Albans he complained of constant hyperpathia with intense throbbing on exposure 



Fig 3A . — Case 7. Photograph showing trophic changes in skin and tapering of fingers 
in area innervated bj' median nerve The arrow points to bullet -wound. 



Fig 3B — ^Appeaiance of median nerve at preliminary exploration Note 
filmy cicatricial adhesions 

(This figure is reproduced with the permission of the Ametican Journal of 
Surgery, where it was first published by White".) 

to cold and psychic stimuli (loud noises, vibrations, annoyance, or excitement). There 
was paralysis of the musculocutaneous and median nerves, the ulnar being less extensively 
involved. The causalgic pain, as is so commonly the case, was in the area of the 
incompletely paraljzed ulnar nerve After successful procaine block, an upper thoracic 
preganglionic sjmpathectomy ^^as performed on 9/27/45, which has resulted in com- 
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plete relief of his causalgic pain. At the end of eight months there has been good 
spontaneous recovery of both nerves, with fair return of function in the proximal group 
of muscles controlled by the median. 

Case 7. — Nathan V., 28 years, Pfc., U.S.M.C. : A rifle bullet through the left elbow 
at Iwo Jima on 3/4/45 caused a slight injurj’’ of the median nerve. In this patient the 
area of burning pain, cutaneous trophic changes,, and tapering fingers were limited 
to the territory of the injured nerve (Fig. 3A). For this, reason a, neurolysis of this 
nerve was performed first (Fig, 3B), but without any relief. Diagnostic procaine block 
and subsequent thoracic sympathectomy gave most satisfactory results. 

Case 8. — ^Harold O’S., 22 3 ’ears,. Pfc., U.S.-Jil.C. : , On 3/11/45 a shell fragment 
caused a partial injur}’ of the right ulnar nerve at the internal condyle. The patient 
began to notice causalgic pain as soon as he recovered from an accompanying cerebral 
concussion. When he was admitted to St. Albans he suffered from moderately severe 
burning pain and hyperesthesia in the ulnar area of his hand, aggra\’ated by cold and 
the usual psj’chic factors. The first attempt to block his upper thoracic sympathetic 
ganglia resulted in vasodilatation, but. failed to produce satisfactory drying of the skin 
or any Horner’s sign ; furthermore, his pain was not relieved. Following a second, 
effective diagnostic block and throughout the five months he was under observation 
following surgical preganglionic denervation he remained free of pain. 

Case 9. — Howard W., 30 years, Pfc., U.S.M.C. : This patient received a through- 
and-through bullet wound between the two bones of the right upper forearm on 9/21/44 
at Peleliu. With the partial injury of his median nerve he noticed immediate onset of 
causalgia limited to the area supplied b\’ this nerve. On 3/26/45 the nerve was explored 
and freed of adhesions, but without significant effect on his pain, which remained 
fairly troublesome eleven months after the receipt of his wound. Following a diagnostic 
chemical block, a preganglionic sympathectomy was carried out on 19/29/45. This 
has produced very successful warming of his cold hand and effective relief of his pain. 

Case 10. — Alfred D., 22 j'ears, Pvt., U.S.M.C. ; This man was injured by fragments 
of mortar shell explosion in the upper arm on 9/16/44 at Peleliu. ‘There was complete 
paraR'sis of the musculocutaneous and partial of the median nerve. Severe causalgic 
pain appeared in the area of its palmar distribution the day after he was wounded. He 
described this pain as intense burning and throbbing in the thenar side of his hand, 
which was increased by any light touch or rub, or by any sudden noise, mental upset, 
fright, anger, or excitement. Instead of being aggravated by cold, this patient com- 
plained particularly of hot weather, when he had to protect his hand by ice or cold, wet 
packs. The most striking feature of all was the relation of his pain to any attempt to 
swallow cold liquids. This began a month after his wounding and forced him to limit 
IS fluid intake to sips of warm milk. Brachial plexus block with procaine at another 
lospital had failed to relieve his pain, but the result from paravertebral infiltration of 
tie sympathetic ganglia in our hands was excellent. For the first time he was able to 
tumbler of cold water. Preganglionic thoracic sympathectomy, performed on 
s most satisfactory result. At the end of thirteen months he has no 
urt er complaints and is very happy to be able to drink cold liquids, especially beer, 
n of residual biceps paralysis, he has good use of his arm, which has now recov- 
ere normal sensation in the hand and a fair degree of elbow flexion through compen- 
sate^ ( trick ) movement by the brachioradialis muscle. 

St k ^ 1L-— William M., 20 years, Cpl,, U.S.M.C.: This Marine Corps corporal was 
s rue on 5/5/45 by a phosphorus grenade, which resulted in multiple wounds of the 
nee and lower leg with complete paralysis of his sural and a partial injury of his right 
peronea and posterior tibial nerves. Immediately afterwards he noticed extremely 
^ isagreeable burning pain throughout his foot, except in the anesthetic area on its 
a eral aspect. At the time of his admission the burning pain and hyperesthesia were 
m ense and were greatly augmented by cold or psychic factors. In addition, his knee 


171 



WHITE. HEROY AND GOODMAN 


Auguit. 194S 
Annals of Surgery 


was ankylosed in extension and his foot contracted in a severe equinus position. The 
sole of his foot and toes were deeply incrusted in brownish desquamating skin, which 
could not be washed off on account of the pain. His pain was also increased during 
urination and defecation. The patient was unable to walk or to think of anything 
beyond his painful condition. We felt so certain that sympathectomy would bring 
about adequate relief that the operation was done on 11/26/45 without preliminary 
injection of procaine. In this operation through the retroperitoneal approach two well 
defined ganglia and 2.5 cm. of the lumbar chain were removed below the crus of the 
diaphragm. 

Although the immediate result was encouraging, the patient began to complain of 
recurrent burning pain and hyperesthesia in his toes and the ball of his foot on the 
third day. The result in the posterior two-thirds of his foot remained satisfactory, but 
the anterior third soon became as painful as ever. On careful inspection, however, it 

was evident that there were tiny drops of sweat on the toes. 
Residual sudomotor activity was confirmed by Victor 
Minor’s starch-iodine test-® (Fig. 4) and by the low cuta- 
neous resistance to a galvanic current demonstrated by 
Richter’s Dermometer.®^ On examination of the postopera- 
tive lumbar roentgenogram it was found that the lowest 
metallic marker clip was at the level of the upper portion 
of the third lumbar vertebra. It therefore seemed probable 
that the cause for the residual pain in the distal portion of 
this patient’s foot was due to the presence of an undivided 
white ramus communicans connecting the spinal cord with 
the paravertebral sympathetic chain at an abnormally low 
level. This possibility was put to the test by paravertebral 
injection of procaine against the side of the fourth lumbar 
vertebra on two occasions, with complete disappearance of 
the persistent hyperpathia in the toes. On 1/4/46 the 
anterolateral surface of the third and fourth lumbar verte- 
brae was widely exposed through a midline abdominal in- 
cision with separation of the posterior peritoneum to the 
right of the vena cava and common iliac vessels. Another 
3 cm. of sympathetic trunk was removed, including a large 
ganglion situated a centimeter above the point where the 
trunk disappeared beneath the iliac vessels. Two months 
after this added resection of the lower lumbar chain the 
patient was distinctly improved. It was then possible to 
manipulate all his toes, which were formerly too sensitive to 
permit washing the skin or cutting the nails. Trophic changes 
in the skin cleared. The buring pain on cold and psychic 
stimulation also disappeared. At 12 months, after added 
neurolysis of the injured nerves, he is free of pain and 
receiving orthopedic rehabilitation for his stiff knee and 
the contraction deformity in his foot. 

Case 12. — John B., 19 years, GM 2/c, USN: An injury of the median nerve in 
the palm of his right hand was caused by a razor slash received on 6/2/45. Suture 
of the severed median nerve at the base of the palm was performed an hour later and 
the incision healed well. During the period of complete paralysis the patient experienced 
no pain. At the end of six months, however, with partial reinnervation of the palmar 
and digital median branches, severe burning and hyperesthesia developed in this portion 
of the hand. These sensations became much worse on exposure to cold or emotional 



Fig. 4 . — Case 11, 
after preliminary 
incomplete sympa- 
thectomy. Areas 
of residual sweat- 
ing demonstrated 
by Victor Minor’s 
starch-iodine test 
and outlined by 
dotted lines. The 
dark area in the 
toes and anterior 
foot corresponded 
exactly with the 
patient’s _ residual 
h 3 'pfrpathia. 
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excitement, and he noticed them particularly virhen he went to exciting movies or to 
a shooting gallery. At these times sweating was also greatly increased in the ulnar 
area of his right hand, and in the left also, though to a lesser extent. Following thoracic 
preganglionic sympathectomy on 2/6/46 all the intense burning pain has disappeared. 
Cold and excitement no longer induce disagreeable throbbing and burning. With 
partial sensory recovery to the base of the first three and a half fingers the sense of 
paresthesia and less intense hyperesthesia, which characteristically accompany nervf 
recovery, are still a source of mild complaint. These residual sensations, however, in 
no way resemble his former incapacitating causalgic pain. Two weeks after his sympa- 
thectomy the median nerve was re-explored and freed of scar tissue. With its gradual 
regeneration and the redisposition of myelin around the sensory axones the quality 
of sensation should return to normal. 

Case 13. — ^John McC., 28 years, Lt. (j.g.) U.S.N.R.: On 3/27/45, while flying over 
Iwo Jima, this pilot was struck by a fragment of flak which passed transversely through 
the posterior portion of his left thigh at the level of the hamstring tendons. There 
followed immediate foot drop and aching, burning pain in the sole of his left foot. 
This became difficult to bear before he was able to land his plane. There was no injury 
to the popliteal artery and his wound healed without infection. During the next 12 
months, prior to his admission on the neurologic service, his causalgia was a constant 
source of severe pain and total incapacity. It was made much worse by all the usual 
cold and psychic stimuli, and also whenever he laughed. He found that he was more 
comfortable when he wore a thick wet sock or one impregnated with vaseline. At times, 
when the pain became particularly severe, he would immerse his foot in a bucket of 
cool water. When put in a room next to the galley, the noises were so troublesome 
that he had to be moved. He obtained more relief from a stiff drink of whiskey than from 
an injection of morphine. 

On examination a year after his injury it was found that there was considerable 
spontaneous recovery of the peroneal and a residual partial damage to the posterior 
tibial nerve. The burning hyperesthesia involved the sole of his foot, especially in the 
area of the medial plantar nerve. 

Paravertebral lumbar procaine block was followed by complete temporary relief 
and a restoration of normal sensation. Following lumbar sympathetic ganglionectomy 
on 3/22/46, he was up on the fourth day and has been fully relieved of his pain (2 
months observation). 


DISCUSSION 

In giving our clinical data first we have purposely not adhered to the 
usual order of a medical paper, because the findings recorded in Table I and 
the individual case histories have so much bearing on the etiology of causalgia 
and its surgical treatment, which we intend to discuss in the light of the clinical 
observations presented above, 

INCIDENCE 

No statistics are available as to the rate of incidence of causalgia in 
previous wars, but in the present conflict Ulmer and Mayfield^^ have reported 
75 cases amongst 1477 peripheral nerve injuries at the Percy Jones General 
Hospital; Speigel and Milowsky^^, seven cases in 275 soldiers at another 
U. S, Army Hospital; and we have seen this complication 13 times in some 
400 sailors and marines with wounds of the peripheral nerves at the U. S. 
Naval Hospital in St. Albans, This represents a rate of incidence after 
penetrating wounds of nerves in the range of 2.0 to 5 per cent. 
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Many aspects of the causalgic syndrome suggest that it is a form of psycho- 
neurosis, and this diagnosis has often and most unfairly been applied to these 
victims. The fact that the whole pseudo-neurotic picture so often clears 
immediately following suitable surgical intervention, when the sufferer has 
lost his dread of pain, no longer requires sedatives, and can resume a normal 
life, indicates that the personality disturbance is a result rather than the cause 
of an unendurable condition. This is well illustrated by our first patient. 
Prior to his sympathectomy he had become a neurotic recluse and remained 
almost motionless in a quiet room with his arm protected by a moist towel. 
He was so preoccupied with his painful hand that he was able to think of 
nothing else. Immediatel}^ after operation, however, he joined the other men 
on the open ward, became carefree and gay, and was soon able to take part in 
strenuous games. In the past, when no successful treatment was known, 
causalgia was a frequent cause of drug addiction and often led either to 
deterioration into hopeless invalidism or to self destruction. Psychologic 
studies made on service personnel after successful treatment in the recent 
war (Mayfield and Devine;-^ Speigel and Milowsky^^) and in civilians 
(de Takats^®) have not brought to light any predisposing psychogenic factors. 

In reading through Mitchell’s fascinating monograph on “Injuries of 
Nerves” and also the earlier account of Mitchell, Morehouse and Keen^® 
one gains the impression that causalgia was much more common in the War 
between the States than in either the first or second World Wars. On first 
thought it would seem likely that this is due to the decreasing rate of wound 
sepsis. Mitchell pointed out that “every possible precaution should be taken 
to lessen the chance of deep inflammation and the secretion of pus.” Certainly 
there has been a far lower incidence of sepsis in the gunshot wounds of the 
recent war, but nevertheless we haA'^e seen severe causalgia in several patients 
where the wound healed per primam. Furthermore, the usual early onset 
of causalgic pain is strong evidence against the etiologic importance of sepsis. 
One of the most impressive features about our cases Avas the rapidity with 
Avhich burning pain deA'-eloped after the wound. In all but two of the 13 
patients in Avhom the exact time of onset is recorded it began during the first 
day, and most of the men noticed it either at once or Avithin the first fcAV 
hours. Leriche^® and Ulmer and Mayfield®® have also noticed the frequent, 
almost immediate onset of causalgia. This eliminates not only sepsis but 
also ascending neuritis (so frequently mentioned in older accounts), anoxia 
due to fibrosis, and compression of the nerve by scar tissue or neuroinia 
formation. There have been occasional reports indicating that at times the 
pain may be caused by the proximity of a foreign body, but Ave have recently 
remoA'ed a considerable part of the movement of a Avrist-Avatch from a 
Marine Corps officer’s median nerve Avhere there Avas no history of pain at 
an)’- time. Livingston,®^ hoAvever, has described the relief of median nerve 
causalgia in a Marine priA'^ate Avounded at Guadalcanal foIIoAving the removal 
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of a shell fragment from the upper arm. In this case movement of the 
metallic fragment produced shocks along the course of the nerve. Under such 
circumstances it is logical to remove the foreign body, but neurolysis with 
freeing of adhesions and transplantation of the nerve into a healthier tissue 
bed has rarely influenced the pain (see Cases 1, 3, 7, 8, 9 and Fig. 3B). 

In addition to the factors listed above, injury to a major blood vessel has 
been cited as a possible cause of burning pain. Leriche^^ reports relief of 
pain following excision of the traumatized sections of arterial trunks, but in 
our cases only three out of 13 patients had coexistent arterial injuries. None 
of Ulmer and Mayfield’s^'’ large series are reported as having associated 
wounds of major arteries. 

Our cases summarized in Table I and tbe recent reports of other neuro- 
surgeons in the American and British Armies-’ have shown the 

effectiveness of sympathectomy in the relief of causalgic pain. Case 11, in 
whom the first incomplete lumbar sympathetic ganglionectomy gave only 
partial relief, lost the burning h 3 ^perpathia in his toes after remaining lower 
sympathetic connections were interrupted. The effectiveness of sympathec- 
tomy casts an interesting light on the etiology of causalgia. In spite of the 
belief held by some writers, notably Kuntz and Saccomanno,’^^ that sensory 
fibers reach the spinal cord along the sympathetic nerves, the great majority 
of the anatomic, physiologic, and clinical evidence is against this.* Kuntz’s 
experiments were performed on cats and it is not certain that section of the 
spinal cord between the second and third lumbar spinal segments would 
eliminate all somatic efferent connections from tbe lower extremity, especially 
on stimulation of the femoral nerve or application of a tourniquet above the 
knee. Furthermore, why should reduction of the stream of efferent sympa- 
thetic motor impulses which occurs in a quiet environment, after the ingestion 
of alcohol, in sleep, and during bouts of fever reduce causalgic pain? These 
individuals soon learn that they are most comfortable in a warm, quiet room 
and must avoid psychic stimulation of any sort. We were at first much sur- 
prised by the increased comfort of our patients during the quiet hours of 
the night, when sleep greatly reduces the activity of the sympathetic centers 
in the hypothalamus. Mitchell commented on this also, stating that “it is 
quite rare for a patient to arouse from sleep with pain, and I have heard men 
remark that it took some time to get awake to the pain.” Patient 13 of our 
series stated that a moderate amount of alcohol gave him more comfort than 
an injection of morphine. Fever induced by intravenous foreign protein and 
by general heating of the body also reduces efferent vasoconstrictor tone. 
Mayfield and Devine-^ have observed several striking remissions of causalgic 
pain after periods of malarial chill, which should have no effect on pain 

* Since this manuscript was submitted, one of us (J.C.W.) has stimulated the second 
and third lumbar ganglic in the course of resection of the sympathetic chain under local 
anesthesia. The patient, an intelligent observer suffering from pain in a thigh amputation 
stump, reported ipsilateral low abdominal and pelvic pain, but no reference whatsoever 
to his leg. 
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transmission but would result in reduction of vasoconstrictor discharges from 
the hypothalamus. This is also true of the new drug tetraethylammonium 
bromide, the pharmacologic action of which has recently been investigated 
by Acheson and Moe.^ From a recent clinical study by Berry, Campbell, 
Lyons, Moe, and Sutler ® and in further unpublished reports by Campbell,® 
it is clear that this compound, which blocks the synapse between the sympa- 
thetic pre- and post-ganglionic neurones, but has no effect on sensory fibers, 
will effectively stop the burning pain of typical causalgia following nerve 
injury. On the other hand, causalgic pain is aggrai'ated by any increase in 
these tonic impulses, such as occurs in cold, damp, or very hot weather, or 
during psychic irritation. Quoting again from Mitchell’s account; “The 
constitutional condition, reacting on the wounded limb, exasperates the hyper- 
esthetic state, so that the rattling of a newspaper, a breath of air, the step 
of another across the ward, the vibrations caused by a military band, or the 
shock of feet in walking, gives rise to increase of pain.” 

It is our contention that the “hyperesthetic state” is both caused and 
aggravated by autonomic impulses, released at the hypothalmic level in 
response to thermal and psychic stimuli, and distributed over efferent sympa- 
thetic neurones. 

We have recently requested our patients to write down the irritative 
environmental factors which convert the ever-present sensation of burning 
pain and hyperesthesia into a state of throbbing torture. The list includes 
the following interesting statements: 

Cold, damp or very hot weather. 

Cold air on the hand. 

Loud or unexpected noises, annoying radio programs. 

Jarring of the bed. 

Anything exciting such as a narrow escape, a harrowing movie, stirring 
music, etc. 

Children crying. 

Hypodermic injections into any part of the body. 

Arguments with other patients. 

Physical exertion. 

Defecation and urination (Case 11 only). 

Drinking anything cold (Case 8 only). 

Laughing (Case 13 only). 

All of these different factors were known to Mitchell, except the stimulus 
of cold liquids, which was so striking in Case 8, laughing, and the irritating 
effects of the radio and cinema. Although Mitchell did not connect these 
facts, it is now obvious that the single common denominator which underlies 
all these diverse irritants is the burst of sympathetic impulses which are 
emitted under such circumstances from the hypothalamus and cause vaso- 
motor, pilomotor, and sudomotor responses in the extremities, particularly in 
the areas of the hand and fingers, and in the toes and soles of the feet. The.«e 
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are the areas where autonomic activity, which produces nervous sweating 
and vasoconstriction, is most in evidence ; furthermore, these identical stimuli 
would produce' alterations in digital blood flow, if measured by the plethys- 
mograph. 

Doupe, Cullen, and Chance^® have gone so far as to ascribe the peculiar 
qualities of causalgic pain to direct cross stimulation of sensory fibers by 
efferent sympathetic impulses at the point where the nerve trunk is injured, 
rather than to the indirect action of the vasoconstrictor response which they 
also produce. They have cited most convincing evidence for this activation of 
sensory fibers by sympathetic impulses. Their theory furnishes an explana- 
tion not only for the increase in pain which so characteristically takes place 
in a cold- environment, but also for that occurring during any form of emo- 
tional excitement, cutaneous stimulation, and, in some extreme instances, 
during everyday visual and auditory stimuli. Burning pain in causalgia and in 
certain other conditions occurs in direct relationship to the tonic vasomotor, 
sudomotor, and pilomotor discharge over the sympathetic efferent pathways. 
It is reduced in a quiet, stable environment and during sleep, when the tonic 
hypothalamic discharge is greatly diminished, and can be interrupted com- 
pletely by tetraethylammonium bromide for as long a period as the ganglionic 
synapses are blocked by the drug. There is no valid evidence that the 
sympathetic system plays any direct role in the central conduction of the 
painful stimuli. 

As further, corroboration of this theory of sympathetic activation of 
sensory fibers, it has been shown by Katz and Schmitt that under certain 
circumstances efferent nerve impulses can alter the excitability of adjacent 
sensory axones. Recently Granit, .Leksell, and Skoglund^^ have given direct 
experimental proof of such . cross-stimulation between motor and sensory 
fibers at a point of nerve injury by recording with the cathode ray oscillograph 
an afferent discharge from the sensory root which takes place when the 
motor root is stimulated. They conclude that the small, poorly myelinated pain 
axones of the C-group should be especially susceptible to “fiber interaction,” 
and that this is a simple explanation for some of the symptoms of causalgia. 
The theory of Doupe and his co-workers assumes that the activating impulses 
come from the sympathetic vasomotor, pilomotor, and sudomotor discharge, 
which is always increased by cold or emotional excitement. A serious objec- 
tion to this theory has been brought forward by Richards,^® who points out 
that proximal division of the nerve has failed to relieve causalgia, although 
it must necessarily eliminate both the efferent and afferent arcs of the “short- 
circuited” area at the level of nerve injury. Possible flaws in this pertinent 
objection are that (1) neurectomy, which was often attempted unsuccessfully 
in the past, was performed at too late a date, after the painful pattern had 
become established in the sensory cortex (as is now known to occur after 
long-standing pain from a phantom limb) ; and (2) when a nerve trunk is 
involved in the causalgic state its sensory fibers may become so irritable 
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that a similar “short-circuiting” mechanism will be set up in the proximal 
neuroma after neurectomy at a higher level. Ulmer and Mayfield have 
recently reported successful results from excision of the injured segment of 
nerve with immediate suture. 


TREATMENT 

Our experience, as well as that of other writers previously mentioned, 
has shown that total sympathetic denervation of a limb is an effective method 
for the relief of true causalgia. A single partial failure in Case 11 turned 
out to be due in large part to an incomplete operation. Here a limited sympa- 
thectomy of the type recommended b}'^ Atlas,'* with removal of two ganglia- 
at the side of the second lumbar vertebra, failed to eliminate the burning pain 
in the toes and anterior third of the foot, although the hyperesthesia of the 
proximal two-thirds was relieved. When the sympathetic denervation was 
completed by removing an abnormally-placed ganglion below, the residual 
pain in the anterior portion of the foot gradually disappeared. In another 
instance of slightly atypical causalgia in the hand, which we had the oppor- 
tunity to observe, but which is not included in this series, there was also 
an early recurrence of pain after sympathectomy. In this case postoperative 
roentgen rays revealed that the surgeon had mistaken the fourth for the third 
rib and, by making his approach at such a low level, had failed to interrupt the 
important sympathetic efferent fibers which leave the thoracic cord in its 
second anterior root. It is therefore obvious that, as in every other condi- 
tion which can be influenced by sympathectomy, the surgical denervation of 
the area concerned mu.st be complete if it is to be effective.'*®. In view of 
these findings we have come to believe that, in the early typical case of major 
causalgia which exhibits the classical triad of symptoms described above 
and in which there has been temporary relief of pain following diagnostic 
procaine block, failure is due to incomplete sympathetic denervation. Under 
such circumstances residual vasomotor and sudomotor activity should be 
sought, not by the cruder methods of recording environmental alterations in 
skin temperature and gross sweating, but by the digital plethymograph and 
changes in cutaneous resistance to galvanic current.®* 

The technical steps necessary to obtain a complete sympathetic denerva- 
tion of the upper or lower extremity are described in White and Smith- 
wick’s monograph on The Automatic Nci-vous System*^ and, with more recent 
modifications, in White’s chapter on the surgical technic of sympathectomy 
in Bancroft and Pilcher’s Surgical Treatment of the Nervous System^^ For 
the relief of burning pain in the hand the preganglionic operation is best. 
On theoretical grounds we would have supposed that resection of the in- 
ferior cervical and upper two thoracic ganglia would have given equally 
effective results as far as relief of pain is concerned, but this has not been the 
experience of Rasmussen and Freedman.®® In addition, the latter pro- 
cedure, by causing degeneration of the postganglionic neurones, does not 
produce as effective vasodilatation of the hand*® and also leaves the patient 
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with a disfiguring unilateral Horner’s syndrone. After wounds in the lower 
leg removal of the second and third lumbar ganglia should ordinarily suf- 
fice, but it is best to remove a good five centimeters of the chain and carry 
the resection down to the lower border of the third lumbar vertebrae.^= 
Excision of too short a length of trunk may be followed by regeneration, 
and our unfortunate experience in Case 11 shows that at times white rami 
communicantes may reach the ganglionated chain below the second lumbar 
vertebra. 

The area of sympathetic denervation must’ also reach well above the level 
of nerve injury. Whereas the standard upper thoracic sympathectomy inter- * 
rupts sympathetic impulses to the entire arm and shoulder, it must be borne 
in mind that after resection of the second and third lumbar ganglia the 
effect is limited to the foot. When the pain arises from a wound at the knee 
it is advisable to remove the first lumbar ganglion as well, and in cases of 
nerve injury in the upper thigh it may be necessary to extend the sympa- 
thectomy upwards through the diaphragm to include the lowest thoracic 
ganglia as well.** 

In general it is wise to test the effectiveness of sympathectomy by 
preoperative paravertebral injection of the regional sympathetic fibers. This 
should stop the sense of burning and hyperpathia for a period of several 
hours. While procaine injection alone may occasionally produce long- 
standing relief in some of the minor causalgias, in painful post-traumatic 
arthritis and Sudeck’s atrophy, there are only a few cases on record^® where 
it has stopped major causalgia for more than a few hours. It does, however, 
assure the surgeon of the successful outcome of the proposed sympathectomy 
and is, therefore, of particular value in cases that are in any way atypical. 
Possibly the recent demonstration of Rasmussen and Farr^’’^ that prolonged 
duration of chemical block can be obtained by the injection of 5 per cent 
benzyl alcohol propylaminobenzoate with procaine (Rectocain) may permit 
effective therapy by paravertebral injection alone. 

The operation for causalgia in both the upper and lower extremities is 
simple and safe in the hands of a surgeon who is experienced in the technic 
of sympathetic neurosurgery. Furthermore, the postoperative period of dis- 
ability is short and the patient need only spend a few days in bed. There 
have been no significant complications in any of these patients. There is 
therefore every reason to operate at an early date before the patient has 
become dependent on narcotics, and particularly before he has developed 
neurotic tendencies or irreversible atrophic changes in his bones and soft 

* In performing these operations it has always been our practice to apply a dural 
clip to the proximal and distal stumps of the resected portion of the sympathetic trunk 
and to each large ramus cut. The position of these metallic markers compared with 
the bony landmarks in postoperative roentgenograms gives an accurate picture of the 
anatomic extent of the sympathetic denervation. 

** While this point is not yet fully established, recent observations of Ulmer and 
Mayfield^® render it highly probable. 
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tissues (see protocol of Case 11 above). Once the causalgic syndrome has 
developed with full intensity there is little, if any, hope of spontaneous re- 
mission. It has been our experience that preliminary neurolysis is totally 
ineffective for relief of severe causalgia, and that this procedure, if indicated, 
should be undertaken after the burning pain has been relieved by sympathec- 
tomy. In five of our patients (Nos. 1, 3, 7, 8, and 9) neurolysis of the injured 
nerve had been performed as the primary procedure (Fig. 3B), but without 
any influence on the causalgia. We therefore recommend primary local 
surgery only if there is a foreign body in contact with the nerve, a septic 
focus, or when the pain is so mild that the patient can bear it without too 
great difficulty over the long period required for complete reneurotization of 
the injured nerve. Ulmer and Mayfield®^ have reported that complete resection 
of the area of injured nerve followed by suture may be expected to abolish 
the pain, but as the injured nerve which produces the causalgic syndrome is 
rarely seriously damaged and, given time, will recover spontaneously, this 
radical procedure will rarely be justified. 

Two final points connected with these operations are of considerable theo- 
retical interest. These are related to the physiologic changes that follow 
injuries to the sympathetic and sensory fibers in the peripheral nerves: 

(1) A number of our patients (Nos. 2, 3, 4 and 5) bad, in addition to a 
partial injury of the median or ulnar nerve, complete paralysis of the other 
trunk. After sympathectomy under these circumstances there was complete 
vasodilatation only in the area of intact peripheral nerve supply, the paralyzed 
median or ulnar area remaining equally dry but distinctly cooler and some- 
what cyanotic. The explanation for this lies, in large part at least, in the 
sensitization phenomenon, whereby denervated smooth muscle becomes hyper- 
sensitive to circulating adrenaline and sympathin. This, as shown by White, 
Okelberry, and Whitelaw**^ and by Ascroft,® is far more noticeable in areas 
where the postganglionic sympathetic neurones have degenerated. As these 
lie within the peripheral nerves, added interruption of the preganglionic 
connections by a paravertebral .sympathectomy cannot result in a complete 
release of vasospasm. This phenomenon, which is of considerable academic 
interest, has been thoroughly investigated by Doupe® and Richards.®® The 
chemical sensitivity of denervated smooth muscle to circulating sympathomi- 
metic hormones may greatly reduce the value of sympathectomy in restoring 
a satisfactory circulation in Raynaud’s disease, but fortunately does not vitiate 
its beneficial effects on pain. Here all that is necessary is the complete 
interruption of the efferent sympathetic discharge which arises in the hypo- 
thalamus in response to psychic and environmental factors. 

(2) Although we have found that the intense burning hyperpathia of 
causalgia, which is increased by thermal and emotional disturbances, is 
effectively relieved by sympathectomy, the paresthesia and milder hyper- 
esthesia which accompany sensory regeneration are not necessarily relieved 
by this operation. These abnormalities in the quality of returning sensation 
are of common occurrence after peripheral nerve injury; they are not gen- 
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erally severe, and they disappear ivith more complete recovery. They do not 
appear to be influenced in any way by hypothalamic stimulation and increase 
of the sympathetic discharge. The disagreeable quality of sensation during 
the early phase of nerve recovery has been ascribed by Trotter®'^ and more 
recently by Bigelow et al® to the lack of insulating myelin sheaths around the 
regenerating sensory fibers, so that these naked axones function as pain fibers 
and react to any stimulus in an explosive fashion, Foerster,ii on the other 
hand, has explained the hyperesthesia as due to a lack of sensory inhibition 
which maybe a normal function of the larger myelinated fibers in the posterior 
roots. In either case, the mild tingling and disagreeable sensations found in 
an area with early sensory recovery tend to disappear as the regenerating 
sensory fibers mature and reacquire their myelin sheaths. On careful testing 
and questioning of these patients we have discovered some degree of residual 
hyperesthesia in the areas of sensory recovery in Cases 2, 4, 6, 11, and 12. 
It was described as only a mild residual discomfort by four of these patients, 
but in Case 11 was severe enough to retard his rehabilitation. 

SUMMARY AND CONCLUSIONS 

1. Major causalgia, as first described by Mitchell, Morehouse and Keen, 
follows partial injury of the mixed peripheral nerve trunks incurred in 
penetrating wounds with a rate of incidence somewhat under 5 per cent. The 
typical triad of symptoms consists of hyperpathia (a disagreeable burning 
pain with intense hyperesthesia in the hand or foot), trophic changes, and 
autonomic stigmata of excessive vasomotor and sudomotor activity. 

2. The pain is aggravated to an unbearable degree by factors which in- 
crease the sympathetic discharge from the hypothalamic centers — thermal and 
psychic stimuli. While it may disappear with complete regeneration of the 
injured nerve, this process is at best so slow that the patient is liable to 
become addicted to morphine, suffer serious .personality changes, and develop 

• irreparable trophic disturbances in his bones, joints and soft tissues. 

3. Interruption of the sympathetic outflow, preferably by preganglionic 
sympathectomy, is an effective method of treatment and should be performed 
at an early date. Preliminary chemical blocking of the sympathetic rami and 
ganglia by injection of procaine is a valuable diagnostic test, particularly in 
atypical cases. Repeated paravertebral injections have been reported to give 
lasting relief in some cases, but they have not been effective in our patients. 

4. Sympathectomy in our hands has resulted in consistent relief of the 
burning causalgic pain. After operation eight patients had no further com- 
plaints of any sort. On careful cross-questioning, five had some residual 
paresthesia and hyperesthesia in the area of recovering cutaneous innerva- 
tion. This in no way resembled the former causalgic syndrome and was 
identical with the usual subjective sensations that accompany nerve regenera- 
tion. It was severe enough to retard rehabilitation in only a single patient. 

5. It is our opinion that relief of burning pain following sympathetic 
denervation is due to elimination of the efferent sympathetic discharge from 
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the hypothalamic centers rather than to any interruption of pain fibers. There 
is no good evidence for the existence of centrally conducting sympathetic 
axones in the peripheral nerves. Furthermore, the suffering of causalgia is 
relieved under circumstances in which sympathetic tone is reduced — ^viz., a 
quiet, warm environment, ingestion of alcohol, sleep, and febrile states. 
Recently reported work on experimental animals suggests that there may be 
a short-circuiting effect in the area of the injured peripheral nerve which 
permits direct irritation of sensory afferent fibers by efferent sympathetic 
impulses. 

6. Thirteen cases are described which have been treated at a Naval Hos- 
pital. All were relieved of their unbearable pain and the resultant effect on 
their psychological status and resistance to rehabilitation was dramatic. While 
the period of follow-up has been usuall)’^ less than a year, there is no reason 
to suppose that recurrent complications will occur. 
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Renewed interest in vagotomy for the treatment of peptic ulcer dates 
back to the report of Dragstedt and his co-workers^ in 1943. Since that time 
preliminary reports of clinical use of this procedure have been made by Crim- 
son, ^ Moore,® and Walters,^ with their associates. Each observer early noted 
complications following vagotomy, particularly delayed emptying of the stom- 
ach. That gastric retention occurred after vagotomy in patients has long been 
known. As early as 1911, Exner® reported secondary gastroenterostomy after 
vagotomy in two patients because of “ill effects of paralysis of the stomach.” 
It is now generally accepted that varying degrees of retention develop in most 
patients treated by vagotomy unless a gastroenterostomy is performed. Gastric 
retention has led to varying frequency of secondar}^ operations. 

Dragstedt and Schafer® reported gastrojejunostomy necessary in three 
of the first 15 patients. In their first communication. Crimson et aP reported 
secondary gastroenterostomy in three of 25 patients and in a recent report,'^ in 
six of 56 patients, Moore and associates® had only one patient in 33 who had 
secondary gastroenterostomy. Walters and his groups recently presented a 
series of 56 using various technics and frequently draining the stomach. One 
patient who had vagotomy and gastroenterostomy subsequently required 
jejunojejunostomy for retention. Harkins and Hooker® had one patient out 
of 26 who required secondary gastroenterostomy, and Sanders® had one in 50. 
Since many of the above patients had pre-existing gastroenterostomy stomas 
or drainage of the stomach at the time of vagotomy, it is evident that retention 
requiring secondary gastroenterostomy is not an infrequent complication. 
Retention not requiring surgical relief may produce symptoms. Dragstedt® 
stated that although symptoms of retention do occur they are insignificant 
whereas Crimson'^ described persistent serious symptoms of retention in 15 
of 56 patients. 

Most authors have attributed this retention to changes of gastric motility. 
In kymographic studies after vagotomy, Thornton, Storer, and DragstedT® 
found decreased motility and concluded that gastric hypermotility and hyper- 
tonicity of ulcer patients returned toward a normal state after bilateral 
vagotom5^ They believed that retention is caused by decreased tone and 

* This study was aided by a U. S. Public Health Service grant. Urecholine used in 
some of these studies was furnished by Merck & Co., Inc. 

t Submitted for publication, March 1948. 

tt Present address. Bowman Gray School of Medicine of Wake Forest College, Winston- 
Salem, N. C. ) • 
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emphasized suction and residual aspiration as preventive measures. Grimson 
et aF performed kymographic studies of intragastric pressures in most patients 
before vagotomy and in 42 patients immediately afterward. Recordings were 
also obtained in 34 patients between three months and one year, and in 11 
between one and two and a half years. They determined that the average rest- 
ing intragastric pressure of patients who had vagotomy alone for duodenal 
ulcer 'was somewhat increased after vagotomy, whereas amplitude of gastric 
contraction waves decreased. These changes persisted in nine patients fol- 
lowed more than one year. They believe that retention is caused by a disturb- 
ance of the emptying cycle of the pylorus or an achalasia-like obstruction and 
not by lack of resting intragastric tone. Moore, Chapman, Schulz, and Jones,^ 
however, concluded that gastric motility usually decreases after vagotomy but 
may return to normal or nearly normal levels at the end of one year. It is 
evident, therefore, that there is no agreement upon the explanation of the 
retention phenomena. 

It is not possible in this report to review completely the extensive literature, 
experimental or clinical, on gastric motility and the effects of vagus nerve 
section. Excellent summaries are provided in the papers by Ferguson^^ and 
by McSwiney.^^ 

Since retention with delayed gastric emptying occurs frequently after 
vagotomy and occasionally causes, serious complications, studies were started 
nearly two years ago in animals and in patients to find, if possible, a non- 
operative means of treatment. Gastrometric methods were used for all 
observations. 

METHOD 

In rabbits, a thin rubber balloon was attached over the end of a small 
rubber catheter and passed into the fasting stomach. The tube was attached 
to a water manometer recording fluctuations of intragastric pressure on a 
kymograph and the balloon was inflated with an average of 25 cc. of air. 

In dogs, a bromoform manometer was usually employed, the balloon being 
inflated with 200 cc. of air. 

A similar method of recording was used in patients using a larger balloon 
over the end of a Levine tube connected to a bromoform manometer. Three 
hundred cc. of air were introduced into the balloon in increments of 50 cc. at 
about one minute intervals. 

CHRONIC EXPERIMENTS ON VAGOTIMIZED ANIMALS 

Fifty rabbits were subjected to vagotomy through a left thoracotomy inci- 
sion using positive pressure ether anesthesia. The esophagus and vagus nerves 
were freed, , a 2. cm. section of each nerve was removed, and smaller fibers if 
found were excised. Satisfactory postoperative recordings of gastric motility 
were obtained from eight hours to one year after operation in 26 rabbits. 

Results of these studies are shown in Table I. It was hoped that vagotomy 
would .produce a hypomotile stomach comparable to that seen in patients 
after vagotomy, in order that action of drugs which might restore contractions 
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could be studied. However, hypermotility usually developed and animals 
could not be used for this purpose. The arithmetic mean of the height of 
contractions preoperatively was 3.48 cm. of water, and postoperatively 4.8 cm. 
The arithmetic mean of the frequency of contractions preoperatively was 11.6 
contractions per ten minute intervals and post-operatively was 19.9. A typical 
contrast between effect of vagotomy in patients and in rabbits is illustrated 
in Figure 1. Several observations in these animals, however, appear worth 
recording. 
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Fig. 1. — ^Tracings of fluctuations of intragastric pressure of a patient and of a rabbit 
are contrasted. Marked fluctuations occurred in the patient before vagotomy (upper 
left) and ceased afterward (upper right). Fluctuations of the rabbit (lower left) ceased 
during the first few hours after vagotomy (center) but by 23 hours (lower right) 
spontaneously became frequent and exaggerated. 


• Completeness of transthoracic vagotomy was tested two weeks or more 
after operation by acute experiments in 6 rabbits. Balloon study showed 
typical high rapid hypermotile waves at the start of each acute experiment. 
The vagus nerves were then again sectioned, this time in the neck, using local 
anesthesia. Hypermotility was not altered. Also, electrical stimulation of 
distal ends of the divided vagi produced no change. Atropine, 0.1 to 0.3 mg., 
given subcutaneously during recording of hypermotility in three other animals 
effected cessation of hypermotility. In one after 20 minutes and in another 
after 30 minutes motility ceased. In the third there was a marked decrease 
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Table I. — Gastric Motility in 26 

Rabbits After 

'Transthoracic 

Vagotomy 


0 - 48 

Time 

2-7 

After Operation 

8 - 30 

1 - 12 


Hours 

Days 

Days Months 

No. Tests 

9 

19 

21 

IS 

Absent Motility . . . . 

4 

3 

1 

1 

Normal Motility . . . . 

4 

12 

2 

S 

permotilitj 

1 

4 

18 

9 


of contractions in 30 minutes. Two units of pituitrin were given intravenously 
to three other rabbits with hypermotility. This caused immediate loss of resting 
tone and cessation of contractions lasting six to ten minutes. 

Three to ten units of insulin were given intravenously during recording 
of hypermotility in four additional rabbits surviving transthoracic vagotomy. 
Motility promptly stopped in each. Hypermotolity returned after about 25 
minutes and during the period of hypoglycemia. In one of these animals 
hypermotolity developing after 25 minutes was slightly greater than that pres- 
ent before injection of insulin. Intravenous administration of 50% glucose 
in water a half hour or more after insulin and during the period of hypogly- 
cemia stopped all motility. Control animals, with intact vagi showed similar 
reactions to insulin hypoglycemia except that normal motility present before 
insulin increased during the period of hypoglycemia. 

Autopsies were performed on most of the rabbits surviving transthoracic 
vagotomy. Grossly there was no evidence of overlooked nerves. Stomachs 
were uniformly markedly enlarged and contained huge quantities of sour 
greenish semi-solid residue. Gastric ulcers were present in one-fifth of 
the animals. 

Transthoracic vagotomy was also performed on two dogs and their gastric 
motility was observed for two months. Complete emptying time of the stom- 
achs was decreased, as judged by passage of barium seen fluoroscopically. 
Kymographic studies, which had revealed resting intragastric pressures of 
38 to 40 mm. of bromoform and moderately irregular contraction patterns 
with rate varying from one to four per minute and excursions varying from 
8 to 44 mm. of bromoform during three tests on each dog before vagotomy 
were definitely altered afterward. Average resting intragastric pressures after 
vagotomy were 57 and 69 mm. of bromoform. With two exceptions the pattern 
was markedly irregular. Frequency varied from one to six per minute and 
excursions ranged from 4 to 100 mm. of bromoform during 13 one- to two-hour 
balloon studies run at intervals of several days to two months. The two excep- 
tions occurred at 16 and 39 days and differed in that contractions were regular, 
excursions varying from 2 to 4 mm. of bromoform and frequency varying 
from three to four per minute. At autopsy these two dogs weighing 10 and 
12 kg. respectively had stomachs markedly distended, filling nearly half the 
abdomen. The volume of one stomach was 550 cc. and of the other 700 cc. 
Ulcer was not found in either. 

Since these attempts to produce satisfactory chronic preparations with 
hypomotile stomachs failed in both rabbits and dogs, observations were carried 
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out to study gastric motility during the first 12 hours after cervical vagotomy 
and to determine effects of drugs during this period. 

ACUTE EXPERIMENTS ON VAGOTOMIZED RABBITS 

Observations were made in 48 rabbits before and during the first 12 to 48 
hours after cervical vagotomy. Cessation of gastric contractions always 
occurred. Animals seldom survived more than 48 hours, usually dying with 
respiratory infections. Each of six that survived developed hypermotility 


28- 


24- 

■ INTRAGASTRIC 

0,20- pressure 

UJ 

H IC , t } A 

I V 

O 12- 

S 

o 

8- 

4- 


,i I 

'I'l u 




BASE LINE 


TIME IN MIN. 



Vogi^CMt ISmin afler^O 25 mgm Effect Persisted 

Urecholme For I hr 20 min 

RABBIT ACTION OF URECHOLINE AFTER VAGOTOMY 


Fig 2. — Gastrometric tracings illustrating immediate effect of vagotomy (left) and 
increase of tone with restoration of forceful contractions (right) 15 minutes after 
intramuscular injection of urecholine. 


like that described above under chronic experiments on vagotomized animals. 

During the 12 to 48-hour period of absent motility after cervical vagotomy, 
insulin hypoglycemia in seven animals did not restore motility during two 
to nine hour periods of continuous observation. Also, gastric hypermotility 
produced by insulin hypoglycemia in four normal animals was immediately 
and completely abolished by cervical vagotomy performed one half to one 
hour after injection of insulin. 

Drugs other than insulin were also given during the 12-to-48 hour period 
of absent motility. These drugs and their effects are summarized in Table II. 
Of the drugs used, pilocarpine, Doryl and Urecholine produced most effective 
restoration of contractions. A typical effect of Urecholine is illustrated in 
Figure 2. 

STUDIES ON PATIENTS BEFORE AND AFTER VAGOTOMY 

Before vagotomy four drugs were given during gastrometric study periods 
in 19 patients. Each patient had a peptic ulcer to be treated by vagotomy. 
Eight tests with Prostigmine (0.5 to 1.5 mg. subcutaneously), four with 
Mecholyl (0.2 Gm. orally), and four with Doryl (0.1 5 to 0.25 mg. subcuta- 
neously or 2.0 mg. under the tongue)' failed to alter frequency, or pattern of 
contractions. Urecholine (10 mg under the tongue) had no effect in two 
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Table 2. — Effect of Drugs on Gastric Motility in Rabbits 
After Cervical Vagotomy 


No. of No. of Effective Increase Restoration of 

Drug Animals Tests Dose of Tone Contractions 

Pilocarpine 4 4 3.0 mg. 2-4 cm.* 4-6 cm. 

Histamine 4 6 O.S mg. 0-2 cm. 0-2 cm. 

Prostigmine 5 ' 6 0.2 mg. 0-2 cm. 2-4 cm. 

Mecholyl 9 18 2.0 mg. 0 - 2 cm. 2 - 4 cm. 

Doryl 9 17 0.02 mg. 2 - 4 cm. 4 - 6 cm. 

Urecholine 7 12 0.25 mg. 0 - 2 cm. 4-6 cm. 


* cm. of water. 

patients and was followed by slight increase of contractions in one. A similar 
slight increase was produced in another by 2.5 mg. subcutaneously. 

Experimental observations of the effect of drugs were obtained in 91 
instances, using patients at intervals of seven days to two and a half years 
after transthoracic vagotomy.' During 15- to 60-minute periods of observation 
before administration of drugs, motility was' absent- in most patients and abnor- 
mally low in all. The postoperative' tracing in the upper half of Figure 1 is 
typical. Drugs to be tested' were then administered and' observation recorded 
for several- hours. Subcutaneous injection of 0!5 to 2.0 mg. of -Prostigmine 
was employed in 21- tests on 16 patients. It was without demonstrable effect 
on gastric motility. -Other -drugs produced varying effects abstracted in 
Table III. 

Mecholyl (acetyl-beta-methyl-choline chloride or bromide) was given to 
nine patients. Table IIIA, and only occasionally produced slight contractions 
without increase of tone. Doryl (carbamylcholine chloride) was given to ten 
patients and found more effective (Table IIIB). Excellent contractions were 
occasionally observed following 2.0 mg. of Doryl swallowed or placed under 
the tongue. In all, eight of the ten patients had contractions and only two 
had no effect. Significant side effects were not observed. 

While Doryl was being studied, Machella, Hodges and Lorber^^ suggested 
that Urecholine (urethane of beta-methyl-choline chloride) might prove effec- 
tive, as they had obtained good results in two patients. Effects produced by 
Urecholine are summarized in Table IIIC and the response of two patients 
shown in Figure 3. Administered subcutaneously to eight patients, it pro- 
duced good contractions in each with increase of tone in four. Given orally 
or dissolved under the tongue, small doses (5 to 30 mg.) usually had no effect. 
Thirty milligrams under the tongue increased motility in three of seven 
patients. Restoration of contractions and increase of resting tone were most 
consistently produced by oral or sublingual administration of 40 to 50 mg. 
Side effects were insignificant ; mild symptoms of flushing, sweating, and saliva- 
tion occurred occasionally with these larger doses but were not troublesome. 

DISCUSSION 

It seems apparent that the changes of gastric motility after vagotomy in 
rabbits and dogs differ from those observed in man. Hypermotility was usually 
produced in these animals and hypomotility in man. Gastric retention, how- 
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Table 3. — Effect of Mecholyl, Doryl and Urecholine on Gastric 
Motility in Ulcer Patients Treated by Vagotomy 

No. of Tone Contractions Height of Time of 

Dose Tests No Change Increased No ChangO Restoration Contraction Onset (Min.) 
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ever, occurs in rabbits and dogs without scar tissue from ulcer and in patients 
with duodenal or gastric ulcer. Discussion of differences in motility, similarity 
in retention, and similarity in drug action will be presented separately. 

Although development of hypermotolity in animals after 12-48 hours made 
investigation of drug action difficult, it nevertheless represents a phenomenon, 
the explanation of which may have clinical significance. Ophuls^^ and Auer^^ 
first reported return of motility in rabbits after vagotomy and this has subse- 
quently been confirmed by several observers. In our experiments return of 
motility in rabbits has been evidenced by contractions of excessively high 
amplitude occurring with abnormal rapidity. 

Vanzant^® recently reported changes of motility and secretions in dogs fol- 
lowed ten to 57 months after vagotomy. In seven of eight dogs, emptying 
time returned to normal and in one there was increased emptying. It is not 
clear whether she means initial emptying time or time of complete emptying. 
It is generally difficult in the literature to separate accounts of emptying time 
based upon initial emptying from those based upon complete emptying. 

Regardless of the type of observation it is generall}’- stated that some degree 
of recoveiy of motor activity occurs. Vanzant suggested that return of motility 
might be due to: (1) regeneration of the severed nerves, (2) assumption of 
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stimulatory function by splanchnic parasympathetic fibers or (3) spontaneous 
restoration by an intrinsic mechanism in the stomach. The first assumption 
was thought unlikely since sections of the stomachs showed degenerated nerve 
fibers. The second was thought not applicable since secretions and motility 
returned when both vagi and splanchnics were served. She therefore felt that 
the third explanation, restoration by intrinsic mechanism, was most likely. 

It is evident from our observation and those of others that nerve regenera- 
tion could not explain return or recovery of motility within one or two days. 
Also, it was found in our acute experiments on previously vagotomized ani- 
mals that cutting or stimulating the vagus nerves in the neck had no effect 
on gastric motility, thus establishing completeness of the transthoracic vagot- 
omy and ruling out recovery by overlooked nerve fibers or regeneration. In 
these animals vagotomized for two weeks or more insulin produced cessation 
of motility for half an hour like that observed in normal rabbits. Subsequent 
restoration of motility, however, was equivalent to that before insulin and not 
to the hyperactive level seen in normal animals. It would appear therefore 
that the immediate action of insulin is inhibition of motility and that this action 
occurs whether the vagi are intact or absent. Also, it would appear that hyper- 
motility occurring a half hour or more after insulin in normal rabbits does not 
recur after transthoracic or cervical vagotom)^ Extravagal parasympathetic" 
pathways if present apparently cannot mediate this hypermotile response. 

The explanation of spontaneous restoration of motility in animals after 
both vagotomy and splanchnicectomy, by intrinsic mechanisms of the stomach 
rather than regeneration, or extravagal pathways may not apply to humans. It 
is still interesting to speculate that the difference observed in patients both in 
motility and response to insulin hypoglycemia might be related to presence or 
effectiveness of extravagal pathways. 

A difference exists between animals and man that might be related to the 
different results of vagotomy on motility. Van Yzeren^® in 1901 reported 
development of gastric ulcers in rabbits after vagotomy, and this was early 
confirmed by others.^’ In man, after vagus section, gastric hypomotility 
occurs and persists for at least 2^ years as judged by 300 cC. balloon mano- 
metric methods. It is generally accepted that vagotomy causes healing of 
ulcers in patients. Therefore, after transthoracic vagotomy in rabbits, gastric 
hypermotility and occasionally ulcer formation occur, whereas after the same 
procedure in man, gastric hypomotility and healing of ulcer are produced. 

Prolonged or excessive retention of gastric content and distention of the 
stomach occurred in rabbits. Efforts to empty completely the stomach by 
starvation, liquid diet, lavage, or gastrostomy usually failed. Retained food 
or secretion may have played a role in the hypermotility described. 

Gastric retention also occurs in patients. This manifests itself clinically 
even though suction is continued four or five days and occurs as soon as light 
feedings are given. Delayed emptying is associated with decreased gastric 
motility and may not be the same in all patients. One explanation of retention 
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in patients after vagotomy is atony. Our measurements of resting intra- 
gastric pressure, however, show little change or increase of tone. A second 
explanation is that scarring about the ulcer may cause obstruction. Retention, 
however, is found in patients with or without ulcer. A third theoretical 
explanation of retention may be pylorospasm. A fourth more plausible 
explanation is derangement of the ejection cycle of the stomach. Normally, 
during digestion a peristaltic wave passes down through the antrum and 
separates a bolus of food from the main mass. The pylorus then relaxes and 
the bolus passes through. After vagotomy this “biting off” of a bolus does 
not occur as observed fluoroscopically, and the propulsive action of the dimin- 
ished peristaltic waves mechanically fails to carry food through the pylorus. 
Since retention occurs in animals without ulcer and with hypermotility of 
an abnormal sort it would appear that pylorospasm or failure of the ejection 
cycle is an important factor causing obstruction, retention and dilatation. 

If the explanation by faulty ejection cycle is correct, then stimulation of 
peristalsis by drugs during the postprandial period might produce satisfactory 
emptying. The studies reported show that subcutaneous injection of Doryl 
or Urecholine will produce contractions of amplitude and frequently equal to 
or greater than those seen preoperatively, as judged by intragastic balloon 
studies. Doryl or Urecholine dissolved under the tongue or given orally will 
cause similar contractions, although usually the onset is delayed. That Urecho- 
line will cause increased peristalsis and prompt emptying of the stomach of 
vagotomy patients has been demonstrated fluoroscopically by Machella, 
Hodges and Lorber;^^ by Crimson and co-workers,'^ and by others. 

Decreased or abnormal motility, therefore, seems to be the cause of reten- 
tion, and faulty motility and retention can both be corrected by injection of 
drugs. Maintained treatment of vagotomized patients with retention by 
Urecholine however, although partially effective, has not eliminated necessity 
for occasional secondary drainage operations. 

CONCLUSIONS 

1. In rabbits, cervical or transthoracic vagotomy is followed by cessa- 
tion of motility for 12-48 hours and subsequently by development of 
abnormal hypermotility and retention. 

2. Insulin hypoglycemia produces arrest of motility followed by hyper- 
motility. The hypermotility is promptly abolished by cervical vagotomy. 

3. In rabbits during the 12-48 period of absent motility after cervical 
vagotomy, insulin hypoglycemia fails to restore motility. 

4. During the subsequent period of hypermotility, several days after 
transthoracic vagotomy in rabbits, insulin abolishes motility for about half 
an hour following which there is restoration of motility like that before 
insulin. 

5. During the first 12-48 hours after cervical vagotomy in rabbits, the 
choline derivatives and pilocarpine effectively restore contractions. 
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6. In ulcer patients following vagotomy decrease of amplitude of gastric 
contractions occur, as judged by 300 cc. balloon techniques but resting 
intragastric pressure usually slightly increases. 

7. Doryl and Urecholine may restore amplitude and frequency of 
gastric contractions of vagotomized patients toward normal. 
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When pure human albumin in 25 per cent solution became available 
for civilian use, we injected some of this material intravenously in patients 
with nutritional hypoalbuminemia. In our very first trials we found that it 
produced a significant elevation of the albumin concentration of the blood in 
contrast to the relative ineffectiveness of plasma transfusions. Several explana- 
tions were advanced, including the possibility that the pure albumin did not 
participate in the protein metabolic pool and therefore remained in the cir- 
culation longer than the intact albumin molecule present in the plasma. How- 
ever, it seemed important to study this difference, particularly in relation to 
changes in plasma volume. We therefore set up a series of clinical experiments 
in which comparable injections were made in the same patient and variations 
carefully noted in the hematocrit, the fractional protein plasma concentration, 
blood and plasma volume and venous pressure. As a result of these studies 
we found that the pure albumin leads to a more lasting increase of albumin 
concentration because its effect on plasma volume is transient as compared 
with plasma. Other differences were also observed and will be described. 

PREVIOUS observations 

Concentrated solutions of pure human albumin were made possible because 
of the extensive research by E. J, Cohn and his collaborators® on the fraction- 
ation of human plasma which was collected and processed in large amounts 
by the American Red Cross during the past war. Considerable clinical inves- 
tigation^®* 17, 21, 22 , 33 , 34 , 36 , 37 , 39 , 40 , 43 { 5003 ^ carried out with this solu- 

tion in patients, most of them suffering from shock or various types of hypo- 
albuminemia. These studies have shown that 25 Gm. of pure albumin is 
apparently equivalent in colloidal osmotic effect to 500 cc. of plasma and that 
each gram of albumin holds an average of approximately 18 cc. of water in the 
circulation. After injection most of the albumin was found to leave the circula- 
tion, but this was more pronounced in the chronic cases than in patients with 

The serum albumin used in this study was processed by the American National 
ed Cross from blood which it collected from voluntary donors. 

This is one of a series of investigations on serum albumin being carried out with 
material supplied by the American National Red Cross. As soon as sufficient data become 
aAailable to justify final conclusions concerning its therapeutic value, a full report to the 
medical profession on the use of serum albumin in medical practice will be published, 
t Submitted for publication, November 1948 . 
t Aided by a grant from the Commonwealth Fund. 
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shock. Attempts to correct hypoalbuminemia in nephrosis and cirrhosis were 
successful only when large amounts of albumin were injected. 

Clinical experience with plasma has been fairly extensive, particularly as 
a blood substitute. It has also been used in patients with chronic hypopro- 
teinemia, largely due to nephrosis. Pooled plasma as such or diluted with 
saline or glucose, as well as two to four times concentrated plasma (made up 
from the lyophilized or dry material) has been employed. Serum rather than 
plasma has also been used and with better effect, according to some observers.^ 
In general the results were disappointing in patients suffering chronic depletion 


Table I. — Summary of Patients Studied 

Number of Injections 


Patient 

Age 

Sex 

Diagnosis 

Albumin 

Plasma 

Reactions 

1. 

A. D. 

64 

M 

Ulcerative Colitis 

1 

— 

See Text 






4 

— 

None 






— 

1 

Chills and fever 

2. 

H. C. 

69 

M 

Cirrhosis of Liver 

2 

— 

None 






— 

2 

None 

3. 

L. B. 

84 

F 

Carcinoma of Gallbladder 

1 

1 

None 

4. 

B. P. 

60 

M 

Jejunal Ulcer 

1 

1 

None 

5. 

A. L. 

43 

M 

Broncbiogenic Carcinoma 

2 

1 

None 

6. 

M. W. 

36 

M 

Fracture of Spine 

1 

1* 

None 

7. 

W. A. 

70 

M 

Carcinoma of Pancreas 

1 

1 

None 

8. 

J. C. 

66 

F 

Carcinoma of Stomach 

1 

1* 

None 

9. 

E. R. 

7S 

M 

Carcinoma of P'ancreas 

1 

— 

None 

10. 

G. H. 

45 

F 

Non-tropical Sprue 



1 

Chills and fever 






3 

— 

None 

11. 

B. P. 

48 

M 

Cirrhosis of Liver 

2 

— 

None 

12. 

B. S. 

71 

M 

Carcinoma of Pancreas 

2 

— 

None 

13. 

H. M. 

71 

M 

Gastric Ulcer 

1 

— 

None 

14. 

P. B. 

55 

F 

Stricture of Common Duct 

1 

— 

None 

IS. 

E. N. 

30 

F 

Carcinoma of Sigmoid 

1 

— 

None 

16. 

M. F. 

54 

F 

Carcinoma of Pancreas 

1 

— 

None 

17. 

L. W. 

66 

M 

Carcinoma of Stomach 

1 

— 

None 

18. 

C. L. 

42 

M 

Arachnoiditis 

1 

— 

None 

19. 

M. M. 

79 

F 

Intestinal Fistula 

1 

— 

None 

20. 

G. S. 

71 

M 

Cirrhosis of Liver 



1 

Chills and fever 

21. 

J. A. 

66 

M 

Carcinoma of Hypopharynx. . . . 



1 

None 

22. 

W. B. 

56 

M 

Gastric Ulcer 

. . . . . 

1* 

None 


Total. . . 




29 

13 



* Pooled plasma from blood bank. 


of plasma proteins, though success was claimed by some. Reactions following 
plasma and serum transfusions have been described as similar to those pre- 
viously noted with blood. More recently pooled plasma has been found to 
transmit homologous jaundice even when lyophilized. This condition has not 
thus far been observed following the use of pure albumin prepared from pooled 
plasma; apparently the virus responsible for the disease is destroyed in the 
preparation of pure albumin. 

METHODS AND PROCEDURES 

Twenty-two patients were selected for study, as listed in Table I. They 
all were malnourished and showed a fall in the level of plasma albumin. 
The diagnoses included a variety of conditions, but none had nephrosis. 
Moreover, in only three, possibly four cases, was hepatic disease present and 
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responsible perhaps for some degree of impairment in albumin synthesis. 
Aside from these cases which also presented a history of food deprivation, it 
was assumed that the hypoalbuminemia was largely if not wholly of nutritional 
origin. With one exception, no patient showed any evidence of cardiac in- 
sufficiency. 

All patients were observed for several days before study. Ample fluid 
intake was assured and vitamins given by either the oral or parenteral channel. 
Salt deficiencies were also corrected. In most cases whole blood had been 
injected to correct anemia. 

The plasma used was prepared double strength by dissolving two units of 
lyophilized Red Cross plasma with one unit of distilled water. This made a 
volume of 600 cc. which was injected within 30 to 40 minutes. In three patients 
(Table 1) comparable amounts of pooled (unconcentrated) plasma from the 
Barnes Hospital blood bank were used. The findings were no different from 
those with the lyophilized plasma. 

The 25 per cent albumin solution was injected without dilution. It had 
special physical and chemical properties, described in detail by Cohn and his 
co-workers.®> First of all it was salt-poor, containing but 0.2 

Gm. of sodium as sodium acet 3 dtryptophane per 100 cc, of the 25 per cent 
solution. It also contained 0.1 molal isoleucine. These not only rendered the 
solution isotonic, heat stable (so that sterilization for 10 hours at 60® Centi- 
grade could be carried out without need for preservatives), but also completed 
its essential amino acid composition (so that rat growth could be maintained 
on a diet containing no other source of nitrogen). Its low sodium content is to be 
contrasted with that in 500 cc. of plasma, which contains over ten times as 
much (2,1 Gm.)^^ 

In nine patients both pure albumin solution and plasma were injected, the 
amount of albumin being the same in each case. In ten cases albumin only 
was given. The remaining three cases received plasma alone. Several da 3 ’'s 
were allowed to elapse between repeated injections. 

Collection of Blood. Previous to each injection a sample of heparinized 
blood was removed from the antecubital vein without stasis, the patient 
having been in the supine position. The importance of this position has been 
indicated by several observers.^'^' Successive samples were withdrawn 'five 
minutes after the end of the injection and thereafter at intervals of 1, 3, 6 and 
24 hours. The red cells were separated from the plasma by transferring a 
portion of the blood to an 8 mm. diameter hematocrit tube and centrifuging 
at a rate of 3000 revolutions per minute for 40 minutes. The hematocrit 
value^ was recorded and the plasma carefully removed. Total and fractional 
piotein determinations were made by the colorimetric method of Weichsel- 
baunP^ which provides a direct measure of the amount of protein in the 
samples by the intensity of the color produced b 3 '’ a copper tartrate reagent. 

his biuiet method was compared with the traditional nitrogen determina- 
tions (Kjehldahl) and excellent checks were obtained. As a furtlier check 
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albumin by means of heat and acetic acid test and trichloracetic acid precipi- 
tation. 

FINDINGS 

The changes in the concentration of albumin following both the injection 
of 25 per cent pure human albumin and of plasma were plotted as a scatter 


CALCULATED CHANGE OF 
PLASMA VOLUME (CC) 



Fig. 2. Changes in Plasma Volume. — Each point represents a determination 
showing changes in plasma volume as calculated from formulas 1 and 2 (see text) 
following the injection of a 25% salt-poor human albumin injection and of double 
strength plasma. The two curves were plotted from mean values in each group. 
Statistical analyses of the curves show a significant difference in the values at TA 
hours. Note the rapid return to the preinjection level in the case of pure albumin 
injection, in contrast to its more sustained level (average + 500 cc.) in the case 
of plasma transfusions. 

diagram in Figure 1, and a curve, representing the mean change, calculated 
from these data. It will be obvious on consulting this figure that the initial 
rise in the concentration of plasma albumin which followed the injection in 
each case fell fairly rapidly, but that it returned to the initial level only in the 
case of the plasma injections. 

In Figure 2 is a similar scatter diagram recording the changes in the 
plasma volume in the two groups of injections. Here it will be noted that 
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the initial increase in the plasma volume produced by each injection also fell 
during the subsequent 24 hours, but that the fall had produced a return to the 
initial level in case of the pure albumin, whereas with plasma there was still 
a significant increase at that time. 

These differences are strikingly shown in Figure 3, which records the 
findings in a single typical case in which successive injections of albumin and 
plasma were given. Here it can be seen that the albumin concentration 24 
hours after the injection of 25 per cent albumin solution is significantly, higher 

BADGETT, lily. 86, W. S 



— Ol^servations made on a patient receiving both salt-poor albumin and 
double strength plasma at an interval of 6 days. Note the similarity in total circu- 
lating albumin. Note, however, that plasma produced a greater increase in plasma 
volurne at 24 hours with no change in the concentration of albumin in contrast to 
tne eiiect of the pure albumin solution which resulted in no change in plasma volume 
but a sustained increase in the concentration of albumin. Note also that the albumin 
produced a greater diuresis and a fall in bod 3 ^ weight compared to the plasma. 

than that following the injection of double strength plasma containing larger 
amounts of albumin. That this is the result of a more sustained increase in 
the plasma volume following plasma injection than that following albumin 
injection is likewise apparent, the changes in total circulating albumin being 
approximately equal. 

That there was no change in the size of the red cell during our study is 
shown by the similarity of the curves in Figure 4. These curves record, in 
a typical case, the rate of disappearance of injected albumin (in per cent) as 
calculated from changes in both hematocrit and hemoglobin concentration 
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following injection. Moreover, no significant change was found in the mean 
corpuscular volume, mean corpuscular hemoglobin, or mean corpuscular hemo- 
globin concentration of the red blood cells of other patients receiving either 
concentrated human albumin or double strength plasma. 

Of incidental interest is the behavior of albumin following repeated injec- 
tions. In Figure 5 is recorded the disappearance curve of albumin following 
successive injections at intervals of several days in the case of both 25 per cent 
albumin solution and double strength plasma. The curves are based on the 

DISAPPEARANCE OF INJECTED ALBUMIN CALCULATED FROM 
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HOURS 

Fig. 4. — Disappearance curves of injected albumin as calculated from 
forrnulas 1 and 2 (see text) based upon both the hematocrit and hemo- 
globin measurements. Note that both curves are superimposable, thus 
showing that the red cell size was unchanged. 

changes in the total circulating albumin calculated from its concentration and 
plasma volume. Apparently there is a greater retention of albumin in the blood 
as successive injections are given, either as double strength plasma or pure 
albumin. 

Reactions. There was no significant change in pulse rate to respiratory 
rate in the absence of any reaction to the injected solution. However, there 
was a slight tendency toward an increase in pulse pressure in most cases. 
Increases in venous pressure were considered to be significant of an untoward 
effect. During five albumin injections the venous pressure was measured and 
only once was there an increase (from 100 to 230 mm. of isotonic saline). It 
was during an acute phase of the patient’s illness when there was evidence of 


HEMATOCRIT * ■ * 

HEMOGLOBIN • • 
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cardiac failure. Subsequently albumin injections produced no increase in 
venous pressure in this patient. By contrast, in all six plasma transfusions in 
which venous pressure was measured, increases were noted. In three caes the 
pressure rose to 135, 140 and 152 mm. of isotonic saline. In the other cases 
severe pyrogenic reactions occurred and in them the pressure rose to 200, 300 
and 310. In the majority of the cases in which the venous pressure rose during 
or after injection of either solution there was a slight further increase in venous 




0 2 4 6 a 10 u 16 16 20 22 ?4 0 2 4 6 8 10 I2 14 16 lO 20 22 24 

MOUflS HOOPS 

Fig. S. — Disappearance curves of injected albumin following alternate infusions 
of a pure salt-poor albumin solution and of double strength plasma at several days 
interval, as calculated from formulas 1 and 2 (see text). Note that the disappearance 
rate diminishes with each successive injection. 

pressure with feeling of pressure in the right upper quadrant of the abdomen. 

Pyrogenic reactions were seen in three of the 13 plasma injections, none 
in the 29 injections of pure albumin. (Table I.) The reaction following plasma 
in one case was severe, with sudden dyspnea, orthopnea, pain in the retrosternal 
region and epigastrium, nausea and vomiting, cold, clammy skin, marked fall 
in arterial blood pressure, tachycardia, distention of the neck veins and increase 
in venous.pressure from 80 mm. of isotonic saline to 300 mm. The hematocrit 
rose from 38.1 per cent to 42.9 per cent and plasma albumin concentration from 
2.90 Gm. per cent to 3.65 Gm. per cent, plasma globulin concentration from 
2.55 Gm. per cent to 3.50 Gm. per cent, while the whole blood volume as deter- 
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mined by the radioactive phosphorus technic, fell from 4470 cc. to 4060 cc., 
the decrease being entirely in the plasma compartment, (within the error of 
the method) which decreased from 2760 cc. to 2280 cc. In this patient, there- 
fore, not only did the 285 cc. of injected plasma disappear from the circulation, 
but also an additional 480 cc. of the original plasma volume. In five other 
patients we also observed an increase in the hematocrit following plasma in- 
fusion, even though some of them exhibited no clinical evidence of reaction. 
Freeman and Wallace^® found similar clinical symptoms and signs as well as a 
rise in the venous hematocrit of unanesthetized dogs given four times con- 
centrated serum rapidly (0.8 cc./kg./min.). Harkins, Boak and BrusV^ 
made the same observation in dogs following infusion of four times concen- 
trated plasma, but did not find this to be true in a small number of splenecto- 
mized dogs. Brennan"^ noted an increase in the red blood cell count in acutely 
anemic neurosurgical patients following the injection of half normal plasma. 
Neither we nor any other investigators have observed similar findings of a 
decrease in plasma volume following the injection of purified albumin solution. 

Proteinuria was not detected in any cases following the injection of either 
salt-poor human albumin or concentrated plasma. 

From the data on plasma volume it was calculated that there was an average 
increase of 13.7 cc. per Gm. of albumin immediately following the injection of 
the 25 per cent solution. The comparable increase in plasma volume immedi- 
ately following the injection of double strength plasma was 22.7 cc. This 
increase in plasma volume was greater immediately after infusion than at any 
other time in almost all cases. 

In all but one of the patients with edema, a copious diuresis with weight 
loss and obvious diminution of edema occurred following the injection of the 
pure albumin solution. Red Cross plasma was not nearly as effective. (See 
Fig. 3.) Diuresis always occurred within 48 hours of the time of injection and 
was most marked in the first 24 hours. However, one patient with cirrhosis 
of the liver Avith ascites and minimal scrotal edema continued to gain weight 
and his ascites worsened, in spite of a very significant diuresis following two 
50-Gm. injections of salt-poor albumin. 

COMMENT 

From the present observations it would seem justified to infer that a 25 
per cent solution of salt'poor albumin is far superior to plasma in the treat- 
ment of chronic hypoalbuminemia of nutritional origin. This inference is based 
first on the bedside observations. Not only did the effect on diuresis seem 
better, but the pure albumin produced no pyrogenic reactions and no increases 
in venous pressure, in contrast to the effect of plasma. 

The greater plasma-volume-increasing effect of plasma may be advan- 
tageous in acute conditions. In chronic states it would seem that this is less 
important than the concentration of albumin itself, which is increased more 
effectivel}’^ by the pure albumin solution. By increasing colloidal osmotic pres- 
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sure, this should be more useful in nutritional edema and this was borne out 
by our bedside observations. 

One may speculate as to the reason plasma volume is increased to a greater 
extent and over a longer .period of time following the injection of plasma than 
after injection of an equivalent amount of albumin as salt-poor albumin (25 
per cent). Some of the difference may be due to the greater volume of the 
plasma injected, but most is probably due to its greater sodium content, both 
as chloride and citrate. Further study with pure albumin diluted to the same 
concentration with or without added salt would probably answer this question. 

Variations in the size of the red blood cells following infusion of concen- 
trated human serum albumin solution seem to have received little notice. 
Metcalff,^^ using the same measurements we have used, demonstrated a de- 
crease in the size of the red blood cells of dogs given concentrated serum as 
infusions. Harkins, Boak and Brush,^^ and Ashwortb, Muirhead and Hill,^ 
using the same indices, failed to demonstrate any change in the size of the dog’s 
red blood cells following the injection of normal or hypertonic citrated or 
defibrinated plasma. Our findings in the human agree with the latter. 

The disappearance from the circulation of injected albumin either as plasma 
or as concentrated albumin solution is of considerable interest and importance. 
Metcalff^^ concluded from studies on dogs receiving infusions of normal and 
concentrated serum or plasma that the rate of disappearance of protein from 
the circulation is logarithmic and therefore related to the total amount of 
protein in the circulation. Using labeled plasma protein in experimental 
animals, Schoenheinier et al indicated a “half-life” of plasma protein of about 
14 days, whereas Bale and others, using similar technic, found that 50 per 
cent of the injected protein had disappeared from the circulation within 30 
hours and 75 per cent within 6 days.'* These authors did not find the rate of 
disappearance of injected protein to be logarithmic. 

There is some suggestion from our data, as exemplified in Figure 5, that 
there is greater retention of albumin in the blood stream with successive injec- 
tions given several days apart. There is no evidence that the albumin in tlie 
salt-poor albumin solution is any better in this respect than plasma. It may 
indicate that the extravascular sites become saturated on repeated injection. 
We have been unable to find any correlation between the severity of the malnu- 
trition and hypoproteinemia and the retention of albumin in the circulation. 

The initial plasma volume per kilogram of body weight noted in the present 
study was slightly lower than the average normal plasma volume reported in 
the literature and somewhat lower than the average normal plasma volume 
determined in this laboratory by means of the radioactive phosphorus method. 
The red cell volume and the whole blood volume were likewise lower. Two 
cases of cirrhosis of the liver had somewhat elevated plasma volume, the red 
cell volume being low and the whole blood volume normal or slightly elevated. 
This low value would be even more striking if the plasma volume, red cell 
volume and whole blood volume were calculated on the basis of the patient’s 
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normal body weight before illness because all of these patients, even those in 
whom edema was present, had lost considerable weight. The decreased blood 
and plasma volume we found in patients with malnutrition and hypoproteinemia 
is in agreement with the results obtained by Walters, Rassiter and Lehmann®^ 
in repatriated prisoners of war. These authors used the dye method for the 
determination of plasma volume. With dietary treatment over several weeks 
they found the plasma and red cell volume to return to normal levels. On the 
other hand, Denz,^^ in a similar though less complete study, found the plasma 
volume to be increased in prisoners of war before treatment and to fall as their 
condition improved. Henschel et al^® were in agreement with Denz. We found 
the plasma volume to increase with successive injections of both salt-poor 
albumin or concentrated plasma. There was no significant change in the red 
cell volume. 

The figure calculated herein (13.7 cc.) for the increase in plasma volume 
per Gm. of injected albumin (as pure salt-poor albumin) is considerably lower 
than either the theoretical volume of 18 cc. per Gm.®^ or the values reported in 
previous clinical studies in man.^*^* This discrepancy 

may well be explained by the fact that, unlike the method used herein, all of 
the clinical studies mentioned employed the dye method for determination of 
plasma volume. Use of the dye would be most likely to be misleading in 
patients in shock or patients with cirrhosis or nephritis. The larger figure 
calculated herein (22.7 cc.) for the increase in plasma volume per Gm. of 
albumin injected (as double strength plasma) may be due to the additional salt 
and protein present. Further studies would undoubtedly reveal the true 
explanation. 

The effectiveness of salt-poor albumin in causing diuresis in cases of 
cirrhosis and nephrosis has been demonstrated by Thorn et al.®®* It is like- 
wise well known that plasma transfusions are much less effective in these 
patients and Leutscher"^ obtained little benefit from one injection of concen- 
trated human albumin solution containing sodium chloride in patients with 
nephritis. We have found salt-poor human albumin to be much more effective 
than concentrated plasma in inducing diuresis with weight loss and relief of 
edema in patients receiving alternate injections of the two solutions containing 
equivalent amounts of albumin. The sodium content of the concentrated plasma 
may well explain this difference. That the sodium citrate may be responsible 
is indicated by the beneficial effect on nephrosis in children with injections of 
concentrated serum.^ 

The absence of untoward reactions following the injection of salt-poor 
human albumin is noteworthy, especially in contrast to frequency of reaction 
to concentrated Red Cross plasma. Homologous jaundice was not seen by us, 
but has been observed by others with plasma and must be counted as a disad- 
vantage to the use of plasma not shared by pure albumin. Our observations on 
venous pressure, which usually increased significantly during plasma infusion 
and rarely during or immediately after albumin injection, must also be listed 
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as a mark of superiority of the latter over the former. This difference is prob- 
ably due to the greater volume of fluid injected as well as its content of sodium 
chloride and citrate, which results in a greater increase in plasma volume. 

The data presented herein have no bearing on the question of utilization of 
intravenously injected albumin. From the data obtained it is clear that albumin 
leaves the circulation just as rapidly when given as a salt-poor 25 per cent 
solution or as double strength plasma. Thus the metabolic behavior of the 
albumin in each case is probably the same. The superiority of the pure albumin 
in maintaining an elevated albumin concentration, therefore, is probably a tem- 
porary one, lasting for at least 24 hours. Our data gives no information in 
regard to its behavior after this period. Nevertheless, an effect lasting even 
for such a short period of time is of significance in the practical treatment of 
patients suffering a nutritional depletion of plasma albumin. 

SUMMARY 

1. Comparable injections of twice concentrated plasma and of 25 per cent 
salt-poor human albumin were studied in 22 patients with various diseases 
having in common malnutrition and hypoalbuminemia. 

2. Both solutions caused an immediate and similar increase in albumin 
concentration, in total circulating albumin* and in plasma volume. However, 
significant differences were apparent within 24 hours. The concentration of 
albumin was more sustained with the solution of pure albumin than with 
plasma. This was due to the more sustained elevation of plasma volume pro- 
duced by plasma. There was no significant difference in the increase of total 
circulating albumin following injection of either solution. 

3. Pure albumin produced no increase in venous pressure whereas plasma 
did, particularly when a reaction occurred. No reactions occurred with albumin 
in contrast to their frequency with plasma. 

4. There was no change in the size of the red blood cells following injec- 
tion of either albumin or plasma. 

5. The pure albumin solution was more effective than plasma in inducing 
diuresis with weight loss and relief of edema. 

6. Solutions of 25 per cent salt-poor albumin would seem to be far superior 
to plasma in the treatment of nutritional hypoalbuminemia. 
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STRANGULATED DIAPHRAGMATIC HERNIA * 

B. -Noland Cabter, M.D., and Jerome Giuseffi, M.D. 

Cincinnati, O. 

FROM THE DEPARTMENT OF SURGERV, UNIVERSITV OF CINCINNATI COLLEGE OF MEDICINE, 

AND THE CINCINNATI GENERAL HOSPITAL, CINCINNATI, OHIO ' 

Strangulation has been recognized to be one of the most serious 
complications of the diaphragmatic hernia since Pare’s^^. description of a 
case found at necropsy in 1564. Occasional cases of strangulated diaphrag- 
matic hernia have been reported in the earlier literature, but prior to the 
widespread employment of roentgenography, the condition was seldom cor- 
rectly diagnosed. In this paper strangulation is defined as the arrest of 
circulation due to compression.- Compilation of reports from 1798 to the 
present reveals that the clinical picture follows a relatively stereotyped pattern 
which has not previously received adequate attention. In view of the fact that 
early surgical intervention alone can avert a fatal outcome, a discussion of 
this condition as a clinical and diagnostic, entity seems warranted. 

Our attention has been drawn to this condition by the observation of two 
cases within the past year, the first of which presented a clinical picture so 
atypical in our experience that a 24-hour delay before operation occurred, 
with subsequent death of the patient. Aroused by this incident to review the ■ 
literature, we were able to collect 39 cases of strangulated diaphragmatic 
hernia and in all of them there was a strikingly repetitious symptoniology. 
These cases are summarized here, together with four additional from the 
Cincinnati General Hospital (Table I). 

Case 1. — A. G., colored male age 33, was admitted to the Cincinnati General Hospital 
April 13, 1947, with a history of cramp-like, non-radiating, epigastric and left upper 
quadrant pain for 23 hours. This pain was persistent, and had been accompanied in the 
ten hours previous to admission by vomiting of food without blood. From the time of 
onset there had been complete constipation. Two months previously he had been ad- 
mitted to the surgical service with two stab wounds of the thorax; one a sucking wound 
of the right posterior thorax and the other in the left fifth interspace' in the axillary line. 
There had been some doubt as to whether the latter had penetrated the pleura. A 
right hemopneumothorax developed after wound ' closure, but convalescence was other- 
wise uneventful, and he had returned to heavy labor. 

Physical examination revealed a well nourished colored male who appeared acutely 
ill. Left diaphragrhatic dullness could be percussed at the sixth interspace, and did not 
move on deep respiration. The abdomen was not distended ; peristalsis was generally 
hypoactive. There was mild upper and left lower quadrant tenderness without spasm. 
No release tenderness was noted. There was an indefinite, vertically placed, fairly firm 
mass in the left lower abdomen, which \vas slightly tender and dull on percussion. 
Rectal examination was negative. Roentgenograms showed “high ' left diaphragm” and 
displacement of the heart to the right; films of the abdomen showed air in the large and 
small bowel with evidence of ileus (Fig. la). Barium enema revealed mesial and 
upward displacement of the sigmoid colon, but good filling and no evidence of obstruc- 
tion (Fig. lb). Transient “gurgling noises" in the left thorax were noticed by one 
observer. A diagnosis of left subphrenic abscess or delayed ruptured spleen was 
considered. 

* Submitted for publication, April 1948. 
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Fig. 1.— Case lA. Roentgenogram showing the heart displaced to the right and what 
appears to be a high left diaphragm, but actually is stomach herniated into the left 
thorax." 

B. Roentgenogram following barium enema revealing satisfactory filling of the 
large bowel. 
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Fig. 2 — Case I. Drawing illustrating conditions found at operation. Note the 
greatly dilated gangrenous stomach, filling a large portion of the left thorax. Ine 
original incision was a thoracic one in the eighth interspace, subsequently prolonged 
across the costal margin into the abdomen. 
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Several hours after admission he suddenly manifested signs of shock with peripheral 
circulatory collapse. At this time the left thorax had become dull to percussion up to 
the second interspace. Thoracentesis produced 550- cc. of fluid which resembled pure 
blood and ^ had a RBC of 1.9 million. 

Transfusion of 500 cc. of whole blood was followed by a rise in blood pressure. 
During the next few hours an additional 1,000 cc. of bloody fluid were removed from the 
left thorax. The following morning he manifested signs of increasing shock despite 
continuous blood transfusion. Repeat. chest film showed increased mediastinal shift to 
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Fig. 3. — Case 1. The hernial orifice was so small that it precluded reduction of 
the stomach. Accordingly, the diaphragm was incised beginning at the costal margin 
and a clamp introduced through the hernial defect, in order that the remainder of 
the diaphragm could be safely divided, thus permitting adequate exposure of the 
stomach for reduction. 


the right; unchanged position of the "high diaphragm,"' and increased amount of fluid 
in the left thorax. 

At c-xploration, through a combined thoraco-abdominal incision, the stomach and 
spleen were found to be herniated through a rent in the diaphragm and the former to be 
entirely gangrenous save for a small segment of the greater curvature at the cardiac end 
(Fig. 2, 3). The entire omentum was gangrenous (Fig. 4). Tiiere was an estimated 
1,000 cc. of bloody fluid in the pleural cavity. The gangrenous portion of the stomach 
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Fig. 4. — Case 1. Diagrammatic illustration indicating the extent of the gangrenous 
area of the stomach, Note the thrombosed vessels along both curvatures and the gan- 
grene of the omentum. 


An autopsy was performed and no immediate cause of death was discovered. 
There were 200 cc. of bloody fluid in the left thorax, the anastomosis was intact though 
there was a local area of gangrenous mucosa on the anterior wall of the stomach pouch, 
the heart appeared normal, and the lungs were crepitant. The mass in the lower left 
quadrant was a prolapsed kidney. 

COMMENT 

The correct diagnosis in the case was missed entirely and was not made 
until the thorax had been opened at operation. In retrospect the confusing 
features were: (1) the “high diaphragm” which was in reality the herniated 
stomach whose appearance on the roentgenogram accurately simulated that 
of an elevated diaphragm, (2) the absence of abdominal distention which was 
due to the stomach alone, unaccompanied by intestine, being herniated through 
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the rent in the diaphragm, (3) the presence of very bloody fluid in the left 
chest. The features which should have suggested the proper diagnosis were : 
the history of a penetrating wound in the lower left thorax, the marked vomit- 
ing not productive of bile-stained fluid, the dislocation of the heart to the right, 
and the dullness in the left lower thorax. 

Diaphragmatic herniae have been classified by Astley Cooper^ into three 
categories : ( 1 ) Congenital : due to defects in the diaphragm arising from 
faulty embryologic development, (2) acquired: which develop at points of 
anatomic weakness, e.g. at the esophageal hiatus, aortic, or caval openings, 
and (3) traumatic; caused by rents in the diaphargm. arising from direct or 
indirect trauma. 

Strangulation is infrequent in both congenital and acquired diaphragmatic 
herniae. Cooper^ in 1798 described a case of the former, noting: “When the 
congenital opening of the diaphragm is small, consequences are not imme- 
diately fatal. It produces some inconveniences which increase in the progress 
of life and at length destroys as in other herniae by a strangulation of protruded 
parts.” Usually, however, the congenital defect is large and consequently 
admits ingress and egress of large portions of coelemic organs without serious 
constriction. In our series of 43 cases with strangulation only four were con- 
genital, and 34 were traumatic. 

Traumatic diaphragmatic hernia constitute over 90 per cent of cases com- 
plicated by strangulation, and for this reason we have particularly .directed 
our attention toward this type. From an etiologic viewpoint this type of 
hernia falls into three main classifications, (1) those caused by stab .wounds 
of the thorax, (2) those caused by gunshot wounds of the thorax, and (3) 
those caused by indirect violence to the diaphragm, such as falls, compression 
injuries, and steering wheel accidents. 

Traumatic diaphragmatic hernia showed an increased incidence during 
and immediately after the first world war, and will undoubtedly show a similar 
tendency following the recent conflict. Wounds of the diaphragm are not 
prone to heal, and many observers believe that upon severance of the dia- 
phragm negative pressure in the thorax causes ascent of intra-abdominal organs 
through the new orifice. A portion of omentum plugs the opening and at the 
same time separates the muscle fibers, preventing their subsequent union. The 
opening is thus maintained as a constant mortal threat to the patient. Thirty- 
four of the cases in the present study were traumatic in origin, the initial 
factor Ijeing stab wounds in 38.2 per cent, gunshot wounds in 38.2 per cent, 
and indirect trauma in 23.5 per cent. Five cases of the total group were of 
undetermined etiology, and four were congenital. 

SYMPTOMS 

Premonitory symptoms referable to the abdomen or thorax were noted 
prior to the acute attack in 30.2 per cent of the total group. All but one patient 
with premonitory symptoms gave a history of previous trauma. Typical symp- 

215 



CARTER AND GIUSEFFI 


Annals of Surpe^^ 
. August, 1D4S 


toms included sporadic pain, usually located in the- left thorax or left upper 
quadrant of the abdomen ; less commonly,' flatulence, constipation, and vomit- 
ing were noted ; and still less frequently, dyspnea and cyanosis occurred. 

The interval between .the initial injury and the acute attack can be extremely 
variable, as short as one day or as long as 16 years. In 85 per cent of the 
cases, however, strangulation occurred Avithin three years after injury. 

The acute attack usually begins abruptly; in 29 instances the attack was 
definitely stated to have been sudden in' onset. In 85 per cent of the traumatic 
cases, relatively sudden increase in the intra-abdominal pressure was noted as 
a precipitant of the acute attack. Eating or drinking was cited in 9 cases, 
physical stress in 8, and straining at stool in one. 

• Pain, vomiting, constipation, dyspnea, and hiccoughing are symptoms com- 
monly noted during the acute attack. Pain, characteristically sudden, has been 
the most usual initiating symptom. Specifically mentioned in 37 instances, 
pain was noted in various locations, and often in a combination of anatomic 
areas. In 44 per cent of the cases there was pain in the left upper quadrant; 
in 30 per cent in the left thorax ; in 16 per cent in the epigastrium ; in 7 per 
cent in the right lower quadrant ; in 10 per cent around the umbilicus ; and 
in 27 per cent there was generalized abdominal pain. Most characteristically 
the pain has been located in the upper portion of the abdomen, and has fre- 
quently been associated with pain in the inferior portion of the left thorax. 
It is commonly severe and colicky, and may prostrate the patient. Although 
many writers have stressed radiation of pain into the left shoulder, it was found 
in only 1 1 per cent of the 43 reported cases. 

Vomiting was specifically mentioned as occurring in 88 per cent of the 
cases, usually simultaneous with, or soon after, the onset of pain. In some 
instances it was the initial complaint. In cases in Avhich the stomach has been 
strangulated, vomiting is early, protracted, and ineffectual, frequently with 
evidence of blood. 

Although the incidence of hiccough has been relatively infrequent, having 
been found in 4 cases, or 10 per cent of the total, its presence is important 
as being suggestive of diaphragmatic irritation. 

Constipation was mentioned specifically in 21 instances in this series, or 
a total of 49 per cent of the cases. It frequently preceded the onset of the 
acute attack and probably represents a precipitating factor since it likely 
caused increased abdominal pressure and thus sponsored the tendency for 
strangulation. When it manifests itself during the acute attack it is associated 
with other signs of acute intestinal obstruction such as abdominal distention, 
hyperactive peristalsis, and the inability to pass flatus or feces. It is well to 
emphasize that these symptoms during the acute episode are similar to those 
associated with obstructions of the colon. Although constipation has been 
associated with strangulation of the stomach, in such instances it generally 
precedes the attack and is not complete. Thus the effectual movement of the 
bowels, the presence of an undistended abdomen, and normal peristaltic intes- 
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tinal activity have presented serious confusion to the observer in those instances 
in which the stomach alone is strangulated. The obvious signs of acute obstruc- 
tion are most prominent when the obstruction is located in the intestinal tract ; 
they are not nearly so emphatic in cases of obstruction at the stomach. 

Dyspnea was mentioned in 15 or 35 per cent of the cases. Appearance 
of this symptom depends largely on the suddenness and the degree of encroach- 
ment by the herniated portions and the accumulated fluid upon the cardio- 
respiratory system. 

PHYSICAL FINDINGS 

The diagnosis of diaphragmatic hernia was always a matter of extreme 
difficulty prior to the advent of roentgenology. BowditclA in 1853 collected 
88 cases of diaphragmatic hernia available in the literature to that time and 
presented one case of his own. His own and one other were the only cases 
diagnosed before autopsy up to that time. With roentgenology a formible 
method of establishing diagnosis has been acquired. It should be emphasized, 
however, that in strangulated diaphragmatic hernia at least one or more abnor- 
mal physical signs are present in the thorax which should direct attention 
to this part of the body. Gibson^^ in 1930 reported three cases of strangulated 
diaphragmatic hernia which he diagnosed clinically without aid of roentgen- 
ology. He stressed the importance of the clinical signs in such cases, and the 
necessity of appreciating them, in view of the fact that many of these patients 
were so acutely ill as to prevent necessary roentgenologic examination. In one 
of our cases the correct diagnosis was considered, but roentgenologic con- 
firmation could not be obtained because of the patient’s precarius condition. 
Gibson stressed the following diagnostic symptoms; (1) Diminished expan- 
sion of the chest, (2) impairment of resonance, (3) adventitious sounds, 
(4) cardiac displacement, (5) circulatory collapse, (6) cyanosis and dysp- 
nea, and (7) asymmetry of hypochondria. 

Physical findings in the abdomen are in no way diagnostic. Attention is 
generally focused on the abdomen because of the presence of pain in some 
region, which as such is usually misleading. As pointed out, the pain is usually 
located in the upper portions of the abdomen and there is associated tenderness 
to palpation in those areas. As with other types of intestinal obstruction, when 
the obstruction is low the pain is very apt to be generalized, the abdomen may 
be distended, and other evidences of intestinal obstruction may be present. 
If the stomach is obstructed, the abdomen may be scaphoid and in other 
respects quite normal in appeareance. Some observers have placed importance 
on unusual concavity of the left hypocbondrium representing the area voided 
by migration of abdominal viscera into the thorax. This finding is apparently 
quite rare, and did not occur in any of our cases. 

The greatest emphasis must be placed upon physical examination of the 
chest. Records given in the literature of examination of the chest have been 
somewhat incomplete. Physical examination was recorded in 30 of the 43 
cases analyzed. In 27, or 90 per cent of these, at least one of the following was 
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present: (1) Dullness in the left thorax, found in 18, or 60 per cent of the 
cases; (2) cardiac shift, found in 14 cases, or 47 per cent; (3) tympany of 
the left thorax, occurring in 13 cases, or 40 per cent; adventitious sounds 
(gurgling, tinkling, or peristaltic sounds in the thorax), found in six cases, 
or 20 per cent; and (5) succussion splash, found in two cases, or 6 per cent. 

Fluid has been found in the thorax either on physical examination, "at" 
operation, or at autopsy in 12 of the 43 cases (30 per cent). The character 
of the fluid was described in nine of these, and in eight was noted to be bloody 
or sero-sangninous. This is a point of special interest, since in one of our cases 
and in two other cases — one reported by Deaner, McMenemey, and SmitlF® 
in 1943, and another by Pfahl and Lund®^ in 194d — the diagnosis was confused 
by the bloody fluid in the thorax and the failure to recognize that as much as 
3)4 liters may be found in conjunction with strangulated diaphragmatic hernia. 
This fluid may closely resemble blood and in one case a RBC count of 1.9 mil- 
lions per cc. was noted. Deaner, McMeneme}'", and Smith were the first to 
point out the possible occurrence of sero-sanguinous effusion with strangula- 
tion, but its presence in the thorax has been noted at necropsy in reports as 
far back as Astley Cooper. This clinical finding deserves special significance. 
It unquestionably occurs more often than has been reported and should occui 
in all cases of strangulated diaphragmatic hernia except those of short dura- 
tion, since the pathologic physiology differs in no way from strangulation in 
other types of herniae where bloody fluid is commonly seen. 

Roentgenograms were made in 21 cases, with correct diagnosis in 16. As 
far as roentgenologic examination is concerned, the points which were found 
to be important are: (1) The simulation by the herniated viscus of high dia- 
phragm. In a case with radiologic evidence of an apparently high diaphragm 
and an accompanying history of prcAnous thoracic injury, the patient should 
be considered a candidate for diaphragmatic hernia until proven otherwise. 
(2) Cardiac shift to the right is almost always present and is noteworthy. Phy- 
sicians may be apt to rationalize cardiac shift on the basis of high diaphragm 
or by the presence of what appears to be fluid in the left thorax. Cardiac shift 
does not normally accompany elevated diaphragm and is not apt to be present 
unless there are large amounts of fluid or viscera in the thorax. (3) In many 
instances the presence of air bubble above the normally anticipated level of 
the diaphragm establishes diagnosis immediately. This gas bubble need not 
appear, however, and the presence of a homogenous density below a somewhat 
convex border presumed to be diaphragm ma)'- be misleading. In one instance 
( Case 1 ) the stomach was herniated above the diaphragm, the superior border 
of the stomach simulated the arch of the diaphragm, and there was no air in 
the stomach. The diagnosis of diaphragmatic hernia Avas thought to be impos- 
sible. (4) Patients often show roentgenologic evidence of fluid in the thorax. 

The transverse colon is the portion of the gastro-intestinal tract Avhich 
most frequently herniates into the thorax. Tabulation rcA^eals that the her- 
niated organs Avere as folloAvs : transverse colon, 23 times, or 53.4 per cent ; 
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stomacli, 20 times, or -45 per cent; small intestine, 11 times, or 25 per cent: 
splenic flexure. 10 times, or 23 ])er cent ; descending colon, five limes, or 11.5 
per cent; colon (site undcsignated), four limes; spleen, twice; and ascending 
colon, once. The most frequent occurrences were : stomach alone, eight times ; 
transverse colon alone, seven times ; splenic flexure alone, seven times ; stom- 
ach and transverse colon, four times : stomach and .small intestine, four times ; 
and splenic flexure and transverse colon, three times. 

It becomes quite clear from a perusal and statistical analysis of the case 
histories that in traumatic diajflu-agmalic hernia, which comprise the greatest 
percentage ol those cases which become strangulated, a singularly common 
pattern ot events ensues and presents a rather tyjjical picture. The patient is 
commonly a male previously in good health. Review of his past history will 
reveal a traumatic episode involving the thorax either by a stab or gunshot 
wound in the region of the diaphragm or by a severe contusion. He is seized 
suddenly with acute pain generally located in the upper abdomen, most fre- 
quently in tbe left upper quadrant, and as.sociatcd with pain in the lower 
portion of the left thorax. A cardinal symptom, radiation of pain to the left 
shoulder, is sometimes present, and directs attention to the diaphragm imme- 
diately. .Characteristically the pain is precipitated while eating, drinking, or 
exercising. Almost simultaneously with the onset of the pain, the patient 
begins to vomit and continues to do .so without relief. Thereafter he develops 
signs of acute high or low bowel obstruction, depending on the viscus involved. 
Physical examination will reveal one or more signs directed to the left thorax. 
Usually dullness or tympany of the left thorax is present inferiorly with con- 
comitant suppression of breath sounds. In a great number of cases there is 
cardiac shift to the right. Occasional!}' extraneous bowel sounds in tbe chest, 
in themselves pathognomonic of hernia, arc detected. Aspiration of the left 
thorax based upon physical signs will reveal bloody fluid. Roentgenologic 
examination will frequently reveal cardiac shift to the right and one of the 
following findings: (1) a recognizable portion of the gastro-intenstinal tract 
m the left thorax above the diaphragm, most frequently a loop of large intestine, 
(2) an apparently very high left diaphragm, (3) fluid in the left thorax. 

To recapitulate, the following should suggest the diagnosis of strangulated 
diaphragmatic hernia: (1) signs of acute gastro-intestinal obstruction, (2) 
history of an old injury, (3) phvsical findings referable to the left thorax, 
particularly cardiac shift to the right and, on occasions, bloody fluid on 
aspiration, and (4) roentgenologic evidence of a high left diaphragm. 

TREATMENT 

It may seem trite to emphasize that the treatment of strangulated dia- 
phiagmatic hernia is emergency surgery. Hedblom*’® pointed out in 1925 that 
when obstruction develops the mortality is doubled. In 126 collected cases 
with acute intestinal obstruction he found the mortality to be 53.1 per cent. 

In our collected series of 39 cases of strangulated diaphragmatic hernia, 
the mortality for the period 1798 to 1919 was 88.8 per cent, with an operative 
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mortality rate o£ 66 per cent. For the period 1920 to 1945 the general mortal- 
ity rate was 57.1 per cent and the operative mortality 43.7 per cent. In -our 
own series of four cases, the mortality rate was 25 per cent. 

The senior author emphasized in 1935 the advisability of utilizing the 
transthoracic route for the attack on diaphragmatic hernia.®^ Such an approach 
is especially suited for small hernia since it allows the operator to investigate 
the diaphragm under excellent visual conditions. When there is no strangu- 
lation of the viscera the incision is adequate for the reduction of the organs 
and successful repair of the hernia. When a large amount of viscera has been 
strangulated the thoracic incision should be extended across the costal margin 
into the abdomen. Opportunity to inspect the strangulated abdominal organs 
is afforded, and the operator can understand the pathology of viscera below 
the diaphragm as well as utilize the previously mentioned advantages of better 
exposure and easier reduction of the hernia afforded by the thoracic approach. 
We believe that the combined thoraco-abdominal approach should be con- 
sidered in all cases of strangulated diaphragmatic hernia but that the initial 
incision should be made thoracically rather than abdominally, and the extension 
across the costal margin into the abdomen made when the exact circumstances 
have been appraised from above. The reasons for the thoracico-abdominal 
approach have been emphasized by Carter,^® who cites the conclusive advan- 
takes: (1) excellent exposure is provided, (2) the herniated viscera are often 
adherent to the lung, the thoracic wall, or the diaphragmatic ring, and must 
be freed from above under direct vision, (3) access to the diaphragmatic orifice 
is easily gained, (4) when tears are located near the heart, sutures can be placed 
accurately and with less danger of wounding the heart, the esophagus, and 
the mediastinal vessels than might occur with an abdominal incision alone. 

CASE REPORTS 

Case 2. (Previously reported by B. N. Carter®'*). — G.H., colored female age 45, was 
admitted to the Cincinnati General Hospital on October 1, 1933, complaining of cramp- 
like pains in the abdomen. Ten weeks before admission she had fallen from a third story 
window and suffered a central dislocation of her left hip. She was a patient in the 
Cincinnati General Hospital at that time for seven weeks. During her first hospital stay 
there were no symptoms referable to the abdomen or to the thorax but physical examina- 
tion on discharge from the hospital revealed some dullness at the left base of the chest. 
Two days before the second hospital admission the patient began to have cramp-like 
pains in the abdomen immediately after eating a large plate of pork and beans. These 
pains occurred particularly in the upper right quadrant and in the lower left thorax. 
The pain was referred sharply to the shoulder and somezvhat into the left neck. There 
was a sensation of suffocation and palpitation. The patient had vomited almost every- 
thing she had eaten the previous day and there had been obstinate constipation for two 
days. 

Physical examination showed a thin, gray haired negress who was suffering acute 
cramp-like pains and was screaming with agony. Examination of the thorax' disclosed 
dullness and flatness in the lower left portion. Auscultation showed striking peristaltic 
noises in the thorax which could be heard without the aid of a stethoscope. The 
abdomen was slightly rounded and tense. No peristaltic patterns could be seen although 
a great many peristaltic sounds were heard over the abdomen. A diagnosis of dia- 
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phragmatic hernia with intestinal obstruction was made. This was confirmed by 
roentgenologic examination with the patient in a sitting position. The outline of the 
large bowel could be seen in the lower left thorax without the aid of opaque material. 

The patient was operated upon immediately. A high mid-line incision was made 
in the epigastrium, and dilated large bowel was seen which disappeared through a 
defect in the diaphragm. Some of the large bowel was reduced through the opening into 
the abdomen but complete reduction could not be effected until the opening in the dia- 
phragm had been enlarged by a lateral incision. Nine inches of colon were found in 
the thorax. The bowel was dark red in color and there were about 150 cc. of blood-tinged 
fluid in the left pleural cavity. The opening in the diaphragm was immediately anterior 
to the esophagus. The edges of the ring were indurated and fibrotic, indicating that 
the hernia had been present for some time. There was no sac present. The rent in the 
diaphragm was closed with double medium silk sutures and the abdomen was closed in 
the usual way. Convalescence was uneventful. Subsequent roentgenograms have shown 
the hernia to be cured. 

COMMENT 

The diagnosis in this case was suggested by the pain referred to the left 
shoulder and was confirmed b}' the presence of pathognomonic peristaltic 
sounds in the left thorax and by roentgenologic examination which, without 
the aid of barium, revealed a dilated loop of bowel above the diaphragm. The 
circulation in the involved bowel was impaired, as evidenced by the dusky 
red color and a small amount of bloody pleural fluid. In this instance the 
diaphragm had been ruptured by indirect violence. 

Case 3. — E.L., white male age 26, was admitted to the surgical service on December 
26, 1944. One week earlier he had been seen in the receiving ward of the Cincinnati 
General Hospital complaining of sharp sudden lower abdominal pain of knife-like 
character, associated with nausea and vomiting. A diagnosis of gastroenteritis was 
made and he was referred to his local physician. For the enusing seven days he was 
bedfast at home, suffering with severe abdominal pain which became more generalized 
and then moved to the left flank and the left costovertebral angle. During that time he 
vomited frequently, had no bowel movements, and did not pass any flatus. Past history 
revealed that he had been admitted to the Cincinnati General Hospital for a penetrating 
gunshot wound of the thorax on March 15, 1943, at which time it was thought likely 
that the bullet had traversed both lungs and had probably perforated the lower end of 
the esophagus. While in the hospital he developed a bilateral hemothoraj^, pericarditis 
without effusion, and on his 14th hospital day had a sudden internal hemorrhage manifested 
by several tarry stools. He recovered with conservative therapy and was discharged on 
April 13, 1943. 

Physical examination revealed an acutely ill male, temperature 100.4, blood pressure 
96/70. A healed gunshot wound in the mid-axillary line at the level of the 6th rib, and 
another on the posterior aspect of the right thorax were found. Percussion note was 
hyporesonant over the left base posteriorly. Breathing was grunting in character. The 
heart was not enlarged to percussion and sounds were distant and weak, with rhythm 
being regular. The abdomen was moderately distended with slight voluntary spasm 
chiefly on the left side, and was absolutely quiet. No masses or organs were felt. 
Laboratory tests revealed the following: WBC, 12,400; hemoglobin, 13.5 Gms. ; urine, 
negative; serum chlorides, 340. A flat film of the abdomen showed many dilated loops 
of small bowel with multiple fluid levels. Diagnosis of intra-abdominal abscess with 
resultant ileus and obstruction was made. 

On December 27, 1944 he was noted to have signs of fluid in the left .thorax. Thora- 
centesis was performed and 150 cc. of foul smelling serosanguinous fluid were with- 
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drawn. This fluid had a specific gravity of 1.020, and on smear was found to contain 
gram positive cocci and gram negative rods. Diagnosis of strangulated diaphragmatic 
hernia with empyema formation was made. Roentgenologic examination of the thorax 
revealed marked displacement of the heart to the right and congestion in the left lung 
field. Barium enema showed the colon to be normal as far as the splenic flexure, where 
there was an annular constriction 2-3 cm. in length through which a very small amount 
of barium passed. 

Because of the patient’s poor condition, cecostomy and closed thoracostomy were 
immediately performed, followed on January 3, 1945 by a Devine colostomy, and repair 
of the hernia by the thoracic route on February 27, 1945. On May 1, 1945 the colostomy 
was resected with end-to-end anastomosis. Postoperative course throughout these pro- 
cedures was stormy, and the patient signed out against advice on May 14, 1945. 

COMMENT 

This case presents several interesting features. It exemplifies one possible 
development if a strangulated hernia is allowed to progress unrecognized and 
if the perforation of the bowel occurs into the thoracic cavity. In such cases 
empyema develops and it is probable that certain of these cases have been 
treated for their pleural disease without recognition of the underlying pathol- 
ogy. Such a case was reported by Slater and McKenzie^® in 1923. Their 
patient was operated upon for intestinal obstruction of undetermined cause 
located at the splenic flexure. Because of the patient’s poor condition, a cecos- 
tomy was performed, following which he did well but developed purulent fluid 
in the left chest, A rib resection was done, the pleural cavity drained, and 
the patient recovered. He was re-admitted to the hospital eight months later 
with severe abdominal crampy pain, vomiting, hiccough, and dullness of the 
left lower lobe. He subsequently died, and autopsy revealed herniation of the 
transverse colon and the cardiac end of the stomach through a rent in the 
diaphragm. 

Our case illustrates a similar method of treatment in such instances ; that 
is, a cecostomy for decompressing the bowel plus local drainage at the site 
of strangulation. The repair of the hernia can then be undertaken from the 
thoracic route at some future date when the patient is in suitable condition. 

The correct diagnosis was not immediately arrived at in this instance 
though there were present a history of penetrating wound of the chest in the 
region of the left diaphragm, signs of intestinal obstruction, physical findings 
referable to the lower left thorax, and displacement of the heart to the right. 
Only after bloody foul smelling fluid had been aspirated from the thorax was 
the proper diagnosis suspected and confirmed by barium enema. 

Case 4. — ^W. H., colored male, age 35, was seen in the receiving ward of the Cin- 
cinnati General Hospital on May 31, 1947 by a medical consultant. His illness began 
suddenly 6 days previously when, following an alcoholic debauch, he was seized with acute 
agonizing pain in the epigastrium with radiation into the left thorax and into both shoul- 
ders. He immediately vomited and continued to do so on the days following. He was 
severely constipated and passed no feces or flatus except for two or three lumps of hard 
stool after an enema. Past history revealed he had suffered a skull fracture in 1920 and 
a stab wound of the left lower chest in 1939. 
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■ Physical examination revealed a sweating, orthopneic, dyspneic colored male. Tem- 
perature was 100.2; blood pressure, 130/90; pulse, 120; respirations, 40. Dullness to 
flatness was noted on percussion over the left lower thorax and absent to diminished 
breath sounds were noted in the same area. A stab wound scar was present over the 
7th rib in the left anterior axillary line. The abdomen was diffusely distended. There 
was voluntary muscle spasm but no localizing tenderness. No peristalsis could be heard. 

Clinical diagnosis was left lower lobe pneumonia with paralytic ileus on the basis 
of the pneumonia. A chest film was secured and revealed what was thought to be a 
high left diaphragm. The diagnosis of a probable subphrenic abscess was now entertained 
and surgical consultation was requested. The tentative diagnosis of strangulated dia- 
phragmatic hernia was made on the basis of the medical consultant’s report, and upon 
examination of the patient these confirmatory findings were elicited: The left thorax 
was noted to be dull posteriorly as previously described and, in addition, the lower portion 
anteriorly was decidedly tympanitic; the apex beat of the heart was noted to be in the 
fourth interspace to the right of the sternum; review of the chest film revealed that the 
heart and mediastinal structures were shifted to the right, a homogeneous density con- 
taining an area of radiolucency was seen to occupy the lower half of the lung field, and 
the left diaphragm could not be identified; flat and erect films of the abdomen showed 
the pattern of large bowel obstruction, and gas was noted to be present in the large bowel 
as far distally as the splenic flexure; upon barium enema the bowel could be filled only 
up to the splenic flexure. 

Operation was performed immediately by a combined thoracico-abdominal incision. 
A portion of the transverse colon and the splenic flexure had herniated into the thorax 
through an opening in the anterior half of the left diaphragm that would accommodate 
only two fingers. Approximately 600 cc. of non-odorous bloody fluid were found in the 
pleural cavity. The 10-inch segment of herniated colon was severely dilated and purple 
in appearance. Upon reduction its color improved noticeably but there was a 4 cm. area 
of bowel which retained a mottled black appearance and was of questionable viability. 
The strangulated bowel was reduced into the abdomen after the opening in the dia- 
phragm had been greatly enlarged. The thoracic portion of the wound was closed after 
the diaphragm had been repaired. The questionable loop of bowel was exteriorized as a 
double barreled colostomy and the abdominal wound closed with silver wire. In addi- 
tion, a cecostomy was performed. His postoperative course was very satisfactory. On the 
third postoperative day his wound was dressed and it was discovered that the segment 
of bowel in question had actually been non-viable and was now completely gangrenous. 
This portion of the bowel was resected without anaesthesia being required. He was 
maintained on penicillin and sulfadiazine therapy. Clinical signs of fluid developed in the 
left thorax on the ISth postoperative day and a thoracentesis was performed on the 17tl 
day with the removal of 1000 cc. of straw-colored fluid which was negative on culture. 
His course thereafter was afebrile, and on July 7, 1947 the colostomy was closed by 
side-to-side anastomosis. He was re-admitted on October 27, 1947 and the cecostomy 
was closed on October 30. 

This case illustrates the ease with which diagnosis can be made in these 
cases when one is cognizant of the signs and symptoms of strangulated dia- 
phragmatic hernia. Case 1 had been so striking and so recent that the similarity 
with this case could be noted even in the history. The diagnosis was readily 
made in view of the history of previous penetrating wound of the left lower 
thorax, the signs of intestinal obstruction, the displacement of the heart, the 
roentgenologic findings suggesting a high diaphragm on the left, and the signs 
of fluid in the left chest. No thoracentesis was performed, but at operation 
there were 600 cc. of very bloody fluid in the thorax. A combined incision 
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was made on account of the hugely distended loop of colon which occupied 
a large part of the left pleural cavity and which could not be reduced through 
the exposure afforded by either a thoracic or an abdominal approach. 

SUMMARY 

In a review of 39 cases from the literature together with four cases from our 
own hospital records, the clinical picture of strangulated diaphragmatic hernia 
is presented. Emphasis is placed on the striking consistency of the history and 
physical findings as follows; (1) history of a previous thoracic injury, (2) 
physical findings referable to the left chest, particularly displacement of the 
heart to the right, dullness or t 3 Tnpany in the lower portion of the thorax, 
adventitious sounds, and aspiration of bloody fluid from the left pleural cavity, 
(3) roentgenologic findings suggestive of a high left diaphragm with displace- 
ment of the heart to the right, and (4) signs of acute gastrointestinal obstruc- 
tion with particular emphasis on the fact that where the stomach alone is stran- 
gulated there is absence of abdominal distention and a patent intestinal tract. 

The use of a combined thoracico-abdominal incision is recommended in the 
surgical treatment. 
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Reconstruction of the external ear to correct for substance lost by 
reason of congenital, post-infectious, or posttraumatic defects, or following 
excision of malignant tumor, represents one of the most difficult problems in 
plastic surgery. An abnormal ear is conspicuous and an absent one is a major 
cephalic deformity. Criteria for successful reconstruction have been set down 
by Suraci who lists seven points as essentials if the reconstruction is to be 
acceptable to patient and to surgeon. These are : correct size, similarity of 
outline, similarity of height, correct cephalo-auricular angle, permanency of 
size and shape, rigidity of the ear and matching color. The earliest attempts 
at reconstruction of the ear fell far short of this goal. 

Survey of the literature reveals that Tagliacozzi,- in the 16th century, 
referred to the repair of partial losses of the ear by the use of flaps of skin 
from the scalp or neck. Also, Dieffenbach,^ in 1830, outlined the reconstruc- 
tion of partial defects by the use of local flaps. In 1870, Szymanowski'* re- 
ported his technic for subtotal reconstruction of tbe external ear. The 
method utilized the principle of the local flap, outlined in butterfly shape on the 
scalp, then elevated and folded on itself. In 1907, Nelaton and Ombredanne® 
proposed a local flap for partial loss of the ear, providing rigidity by the inser- 
tion of a free graft of cartilage. Gillies® (1920) embedded free grafts of card- 
large in the auricular area, elevating the constructed pinna into position at a 
second operation. Van Dijk’^ (1926) reported one case of total loss of the 
ear following a burn b}' electricity. He used a compound cervico-thoracic flap 
incorporating costal cartilage. De River® (1927) utilized the Szymanowski 
“butterfly” flap combined with a tubed pedicle. Graham® (1927) used septal 
cartilage as a buried transplant, reflecting a flap of skin from behind the ear 
at the second stage of the procedure. Graham also reported a case of Pierce*® 
in which buried costal cartilage had been elevated and backed with a stent graft 
of .skin after which a thoracic tubed pedicle was transplanted to simulate the 
helix of the ear. Pierce*® (1930) reported four cases in which he used free 
cartilage as an inlay graft combined with a cervical tubed pedicle to construct 
the helix. Lockwood** (1930) reported two cases constructed by the use of 
pedicled flaps of soft tissue. The results were not comparable to those of Pierce. 
New*® (1931) published photographs of one case of partial traumatic loss 
repaired by a tubed flap from the thoracic area. Easer*® (1935) used foreign 
material, hard rubber, to supply rigidity to the reconstructed ear. Padgett*^ 
(1938) reported four cases in which he had used Pierce’s technic modified 

* Read before the Surgical Section of the New York Academy of Medicine, Jan- 
uarj' 2, 1948. 

t Submitted for publication, May 1948. 
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by the use of a split flap of soft tissue. Newmani^ (1941) reported two cases 
in which Pierce’s technic had been used with gratifying results. Gillies^® 
(1937) reported on his failure in one case to make use successfully of a pedicled 
flap supported by caiwed grafts of iliac bone. He also listed cases in which 



Fig. 1. — The technic of cutting free cartilage grafts by gouge as 
shown at the left causes compression of the cartilage so that some degree 
of distortion or curling of the graft is unavoidable. The use of two 
scalpels as shown at the right prevents abnormal compression of the 
cells and minimizes the tendency to curling. 


/ 




Fig 2. — Sketch showing the technic of cutting the costo-chondral cartilages so 
that a large free graft may be obtained from the site of fusion of two cartilages. The 
excision of a disc, 2 to 3 mm. in thickness, at the level of each transection facilitates 
the removal of a large block of cartilage. 


cartilage from the maternal ear was substituted as a homoplastic graft for the 
absent auricle. This type of transplant was successful in five of seven cases. 
Nattinger’-'^ (1937) also reported two cases in which maternal ear cartilage 
had been used successfully. Pierce and O’Connor^^ (1938) used preserved 
cartilage from cadavers or living cartilage from the ear of the mother. Kirk- 
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ham^“ (1940) also reported on the use of cadaver cartilage for reconstruction 
of the ear. In his technic the dead cartilage was perforated freely and soaked 
in solution of formalin to establish rigidity of the graft. A further report by 
Gillies^® (1941) listed 16 cases in which cartilage from the mother’s ear had 


Q rib post 




Fig. 3. — Sketch showing the anterior and posterior aspects of a speci- 
men of costochondral plate at the level of fusion of the cartilages of the 
8th and 9th ribs. The posterior aspect of such a specimen is concave. As 
the costal cartilage is thinned by carving, advantage is taken of the tend- 
enc}'’ of such cartilage to curl, in order to exaggerate this concavity. The 
transplant is embedded under the skin of the auricular region in such a 
way that the concavity of the graft assumes the position of the concha of 
the normal ear 



Fig. 4. — Case 1 (a) congenital miciotia corrected by use of a cervical tubed pedicle 

(b) pedicle detached at its lower end and sutured to upper portion of pinna 

(c) appearance after suture of the tubed pedicle to the ear. 


been transplanted to the child; 11 of these were considered successes. In two 
cases there was aseptic absorption of the cartilage and in three the grafts were 
lost due to sepsis. Greeley^^ (1941) used this method but later reported that 
there was absorption of the maternal cartilage. Young^^ (1940), in animal 
experimentation, observed that strips of costal cartilage healed by cartilaginous 
union when transplanted to articular surfaces. Then, in 1941, Young^® pre" 
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sented a new idea. In animal experiments he determined that autogenous 
costal cartilage, finely chopped and seeded over the fascia of the rectus muscle, 
stayed viable and fused into a solid sheet of opaque “cartilage-like” tissue. The 
fused areas were found to consist of fibrous tissue. Grossly this tissue had 
some of the properties of fibro-elastic cartilage. Peer^'^ (1943) reported on the 



Fig. 5. — Case 2 (a) Congenital microtia, (b) Appearance after implantation of 
carved costal cartilage, (c) After elevation of cartilage graft and backing with a 
split graft of skin Further revision of the tissue of the helix is necessary in this case. 



Fig. 5. — (d) Sketch of operative steps involving the transverse section of the 
rudimentary ear, rotation of the superior and inferior portions and their suture to 
the skin of the post-auricular area, the implantation of a carved graft of costal cartil- 
age and the elevation of the graft from the head and its backing with split skin graft. 

use of finely chopped pieces of cartilage as grafts in the reconstruction of the 
external ear in humans. He referred to such finely chopped costal cartilages 
as “diced cartilage grafts.” In 1943 he^^ reported on the accurate formation of 
such fibro- cartilage into the shape of auricular cartilage by the use of a per- 
forated bi-valved mold of vitallium which had been filled with “diced” cartilage 
and buried in the abdominal wall for three months. This fibro-cartilaginous 
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framework was then successfully transplanted beneath the skin of the aural 
area. Young^® (1944), using a perforated mold of ticonium, cast fibro-carti- 
laginous grafts in the shape of the auricular cartilage. He reported one case 



Fig 6. — Case 3 (a and b). Congenital absence of the ear. (c and d), 
Appearance after reconstruction by use of a carved graft of cartilage and 
its elevation and backing with a split skin graft 


in wdiich the principle was applied to the construction of the external ear. 
Aufricht^^ (1947) reported on the pre-casting of auricular cartilage by the use 
of a perforated acrylic mold, filled with flat chips and thin platelets of cartilage 
and buried in the abdominal wall. He emphasized the necessity for the use of 
a generous flap from the scalp in the creation of the concha, recognizing that 
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the pressure of a tight cutaneous flap tends to obliterate the contours of 
auricular cartilage wdiich have been constructed by this 'method. This experi- 
ence of Brown et aP^ (1947) in reconstruction of the ear indicated that suit- 
able reconstruction of the external ear can be accomplished by the use of carved 
costal cartilages. They emphasized that reconstructive surgery of this magni- 
tude need not be prolonged but can be accomplished in cases of loss of helix 
or pinna in only two stages and that total reconstruction of the ear can be 
completed in three operative stages. 



Fig. 7. — Case 4 (a). Congenital absence of the ear. (b) Appearance after implanta- 
tion of large, carved graft of costal cartilage, (c) Appearance after elevation of 
cartilage and application of split graft of skin behind the ear. Reconstruction in two 
stages. 

During the past two years the authors have had experience with ten cases 
of reconstruction of the external ear. These were managed on the Surgical 
Service of The New York Hospital and on the Plastic Surgery Service of the 
U. S. Veterans’ Hospital,"'^ Bronx, New York. The general principles of the 
technic of Pierce have been followed with agreement in execution with the 
advancements of Brown et al. In several cases subtotal reconstruction of the 
ear has been carried out in two stages. The .authors have had no experience 
with molded cartilage grafts. The management of cases included in this report 
has led to the opinion that suitable reconstruction of the external ear can be 
accomplished if sufficient attention is given to the cutting and the carving of 
costal cartilage, to the importance of the establishment of a lateral concavity 
to represent a concha, and to the many minor details which enter into the 
execution of this type of reconstructive surgery. 

CARVING OF COSTAL CARTILAGE 

Experience in the handling of fresh costal cartilage has led to observations 
which have contributed to success in obtaining a suitable restoration of the 

* Published with permission of the Chief Medical Director, Department of Medicine 
and Surgery, Veteran’s Administration, who assumes no responsibility for the opinions 
e.Kpressed or conclusions drawn by the authors. 
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external ear. A common objection to the use of straight grafts of cartilage 
in reconstructive surgery is that, after transplantation, the graft may undergo 
distortion of shape, curling. Figure 1 shows the technic of cutting grafts from 



Fig. 8. — Case 5 (a and b) Congenital absence of the ear in association 
with facial asymmetry, (c and d) Appearance after reconstruction by 
implantation of carved _ costal cartilage, elevation of the cartilage and 
backing with a split skin graft and use of a tubed pedicle to simulate 
the appearance of the helix. 

costal cartilage by gouge and by scalpel. The use of a gouge causes compres- 
sion of medullary and cortical cells of the costal cartilage in such a way that, 
even after carving, the graft tends to warp or curl. The use of two scalpels as 
shown prevents abnormal compression of cells and minimizes this tendency. 
On microscopic examination of the transversel}^ cut edge of costal cartilage it 
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is apparent that the center of the cartilage is yellow and the periphery is grey. 
The gross structure of the costal cartilage is somewhat similar to that of bone. 
It is stated in Gray’s^® “Anatomy” that “in the thickest parts of the costal 
cartilages a few large vascular channels may be detected. This appears, at first 
sight only, to be an exception to the statement that cartilage is a non-vascular 
tissue; actually the vessels give no branches to the cartilage substance itself, 
and the channels may rather be looked upon as involutions of the perichon- 
drium.” This gross structure apparently causes a variation in tissue tension 
when the costochondral cartilage is cut or carved. Figure 2 shows the ap- 
proach to the costochondral plate commonly used in securing a graft. In order 
to obtain a large graft two adjacent rib cartilages are resected en bloc. The 



Fig. 9.— Case 6 (a) Squamous cell carcinoma of the ear. (b) Appearance after 
primary excision of tumor and suture of ear to the post-auricular skin. Following this 
step a patterned framework of tantalum mesh was inserted under the skin in the 
region of the aural defect, (c) After elevation of post-auricular skin and tantalum 
mesh and application of a skin graft to the post-auricular wound. 

excision of a disc, 2 to 3 mm, in thickness, at the level of each transection makes 
easier the removal of such a block of cartilage. Inspection of such a graft from 
its posterior aspect shows (Fig. 3) that there is a concavity in the cartilaginous 
portion of the thoracic cage. This can be used effectively in the carving of 
cartilage for reconstruction of the ear. As the rib cartilage is split longitudin- 
ally, advantage is taken of the curling effect to exaggerate this concavity. 
Cartilaginous or fibro-muscular fusion of two adjacent cartilages is made use 
of in obtaining the desired width of graft. With attention to these details, it is 
possible to cut and carve, from costochondral cartilage, a free graft which has 
size, shape and rigidity, suitable for reconstruction of the external ear. 

CASE REPORTS 

Case 1. Partial congenital absence of the external ear. In this case as shown in 
Figure 4a, b, c, the microtia was corrected by the use of a cervical tubed pedicle. Recon- 
struction was carried out in three stages: the construction of the tubed pedicle of skin 
in the neck, the transfer of its distal end to the upper, anterior margin of the pinna, and 
the final division of the tubed pedicle with suture to the outer margin of the ear. 
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Case 2. Partial congenital absence of the external ear. In this case the operative 
steps were carried out as shown in Figure Sd. Transverse section of the rudimentary ear 
at the junction of its middle and upper thirds 'with rotation of the upper third anteriorly 
and suture of both segments to the skin of the mastoid area was done at the first operation. 
A free graft of carved cartilage was inserted as a wedge at the second operation. Elevation 



Fig. 10. — Case 7 (a and b) Traumatic loss of upper two-thirds of 
ear. (c and d) Appearance after reconstruction by use of carved car- 
tilage and tubed pedicle from neck. 


of tlie graft and backing with a split skin graft was done at the third operation. Minor 
revision of the tissue in the region of the helix is required before this reconstruction can 
be looked upon as completed. Photographs are shown in Figure S a, b, c. 

Case 3. Congenital absence of the external car. In this case (Fig. 6) the position 
of the rudiment of the ear was such that it was necessary to carve a graft from costal 
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cartilage in the shape of the letter "C.” This was embedded at the first operation. At the 
second step the cartilage was elevated from the head and a split skin graft was applied 
behind it. At a third operation the congenital remnant of ear cartilage was displaced 
behind the graft. This increased the lateral concavity to simulate a concha, provided 
rigidity to the constructed auricle and established the proper cephalo-auricular angle. 

Case 4. Congenital absence of the external ear. In this case (Fig. 7) the small rudi- 
mentary ear was used only as a foundation for the reconstruction. Carved costal cartilage 



was buried in the auricular area at the first operation. At the second operation the cartilage 
was elevated from the head and a split skin graft was applied to the posterior aspect of 
the graft and to the defect of the aural and mastoid regions. Reconstruction was com- 
pleted in two stages. 

Case 5. Co»ipe>u'fal absence of the external ear. Operative steps one and two in this 
case were the same as in Cases 3 and 4. The curling of the cartilage in this case was 
used to maximum effect in the simulation of the concha. (Fig. 8.) The associated facial 
asymmetry made the estimation of the required size of graft difficult to determine. Rather 
than disfigure the skin of the cervical region in this young girl, a tubed pedicle was 
constructed on the arm and transplanted to the ear in the reconstruction of the helix. 
This construction required three additional operative steps, five operations in all. 

Case 6. Loss of substance of the middle third of the ear by the surgical excision of 
malignant tumor. This patient had a squamous cell carcinoma of the skin of the ear which 
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nad invaded the auricular cartilage. At the time of excision the remainder of the ear was 
sutured to the post-auricular skin as shown in Figure 9. At the second operation a 
supporting framework of tantalum mesh was inserted under the post-auricular skin now 
in the middle third of the ear. At the third operation the constructed ear was elevated 
fiom the head and a split skin graft applied behind it. 



Fig 11 — Case S (a) Traumatic loss of upper half of eai (b) Ap- 
peal ance after implantation of carved cartilage, (c) Appearance after 
elevation of cartilage graft and application of a tubed pedicle to simulate 
the helix, (d) Front view after reconstruction. 

Case 7. Tiaumatic loss of upper hvo-thirds of external ear. The patient lost the 
upper two-thirds of his ear in an injury in which he was thrown from a jeep. The ear 
was amputated by flying glass. Photographs are shown in Figure 10. Reconstruction 
was by the insertion of carved cartilage, its elevation and application of a skin graft 
posteriorly and the use of a cervical tubed pedicle to construct the helix. Visible defect 
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of the scalp in the region of llie cephalic portion of the skin graft was camouflaged 
by tattooing. 

Case 8. Traumatic loss of upper half of external ear. This patient lost the upper half 
of his ear in an automobile accident. Photographs are shown in Figure 11. Reconstruc- 
tion was carried out five years after the primary injury. Operative steps were the same 
as in Case 7. 

Case 9. Traumatic loss of upper half of external ear; reeonstruction by recovery and 
implantation of autogenous auricular cartilage. In an accident in which this patient was 
thrown from an automobile the upper half of the ear was amputated. The astute interest 
of a resident surgeon sent the relatives to another hospital where first aid treatment had 



Fig. 12. — Case 9 (a) Traumatic loss of upper half of ear. (b) Ap- 
pearance after reconstruction by use of autogenous auricular cartilage 
(see case report) and reproduction of appearance of helix by revision of 
soft tissue over the cartilage graft. 

been given. The amputated ear was recovered from a basin of discarded dressings. It 
was washed with soap and water, sterilized with merthiolate solution. The skin was then 
removed and the auricular cartilage was buried in the abdominal wall. The lacerated 
ear was sutured to the skin of the mastoid area. Six weeks later the cartilage was removed 
and implanted behind the post-auricular skin. It was disappointing to note the excessive 
fibrosis around the cartilage. At subsequent operations the cartilage has been elevated 
from the head. Photographs are shown in Figure 12. 

Case 10. Congenital absence of the external ear. In this case particular difficulty 
was encountered because the anomally left only skin of the scalp in the aural region. 
After implantation of a large carved graft of cartilage there was excessive growth of 
scalp hair over the skin of the new ear. A tubed pedicle was used to construct the helix. 
Displaced hair of the scalp was removed by electrolysis. 

SUMMARY 

Ten cases are reported in which partial or complete reconstruction of the 
external ear has been carried out. Reconstructions have been effected by the 
use of buried free grafts of cartilage, their elevation from the head and their 
backing by free grafts of skin at a second operation. A small tubed pedicle 
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has been used to effect the appearance of the helix in some cases. Technical 
details in the cutting and carving of costal cartilages have been set down. The 
opinion is advanced that reconstruction of the external ear, acceptable to patient 
and to surgeon, can be effected if attention is given to these details. 
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Case Report witli Brief Comment 

Charles E. Davis, Jr., M.D. 

Norfolk, Va. 

FROM THE DEPARTMENT OF SURGERY AND GYNECOLOGY, BECKLEY HOSPITAL, BECKLEY, W. VA. 

T HE GREAT RARITY of the Condition known as choledochus cyst or idiopathic 
cystic dilatation of the common bile duct as judged by the paucity of reports 
in the literature, should make the report of a single case diagnosed preoper- 
atively and successfully treated by primary anastomosis to the intestinal tract 
of some interest. Its relative infrequency is manifested by the fact that Judd 
and Greene® at the Mayo Clinic were able to find only one case despite a 
review of 17,381 biliary tract operations covering a period of 19 years. Like- 
wise, Smith^- at the Presbyterian Hospital in New York, collected only two 
choledochus cysts from 757,000 admissions to that institution. Numerous 
excellent reviews of the literature pertaining to tliis condition are to be found, 
notably those of McWhorter® in 1924, Zinninger and Cash^^ in 1932, and, 
more recently, of Shallow et al}'^ in 1943. The latter group were able to collect 
only 175 cases, and Smith could find onlyTSl cases in the literature. McLaugh- 
lin'^ is of the opinion that the total number is certainly less than 200. Accord- 
ing to Blocker et. al.,^ Lavenson credited Vater in 1723 with finding the first 
choledochus cyst. Clark^ remarks that the first case report was made by Todd 
in 1817, and SainP® states that Neugebauer, in 1924, was the first to diagnose 
a case preoperatively. Since that time diagnosis still remains uncommon. 
Berkley^ reported a diagnostic error of 98^ in reviewing 53 cases. Many 
authors, particularly Zininger and Cash,^^ Morley® and Ladd and Gross,® feel 
that the high mortality associated with this condition results primarily from 
failure to recognize the true pathologic condition either preoperatively or at 
the time of surgery, and therefore failure to institute or an undue delay in insti- 
tuting anastomosis between the intestine and the biliary tract. The etiology 
of this condition remains obscure, although many hypotheses have been ad- 
vanced, practically all of them dealing with some developmental anomaly 
either of formation or of growth.®’ 

CASE REPORT 

E.R.S., Hospital No. 123963, S-year-oId white male, was first admitted to the 
Surgical Service of the Beckley Hospital on May 7, 1947, with the major complaints, as 
given by his mother, of intermittent abdominal pain, occasional slight jaundice, alcoholic 
stools, abdominal mass, low-grade fever, and episodes of nausea and vomiting, these 
symptoms having repeatedly occurred with increasing intensity since the age of two years. 

History of Present Illness and Previotis Admissions . — According to the mother, the 
patient was the fourth of five normally born children, and the first two years of his life 
had been quite uneventful. At the age of three, however, he began to complain occa- 
sionally of right upper quadrant pain, this being noticed most often following the ingestion 
of food. The pain was described as being cramplike, doubling the child up during the 
more severe episodes. At about the same time the mother observed that his skin and 


* Submitted for publication, June, 1948. 
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sclera were frequently yellow. The symptoms described above became more marked, 
and at about the age of four a mass was discovered in the right upper quadrant for the 
first time. The mother stated that the mass fluctuated considerably in size from day to 
day. Alcholic stools began to be noticed, usually occurring following episodes of fever 
associated with enlargement of the mass and the appearance of jaundice. These symptoms 
continued, and he was first hospitalized on the Pediatric Service of this institution on 
May 13, 1946, when the abdomen was found to be distended and there was a large palpable 
mass in the right upper quadrant, the latter being interpreted as an enlarged gallbladder. 
His temperature was 100.4 on admission. Laboratory studies revealed a fragility test 
with no increase in hemolysis, an icterus index of 53, and a red blood count of 3.9 
million with a hemoglobin of 56% (photoelectric) ; the white blood count was normal ; 
the van den Bergh test showed a reaction of the immediate obstructive type; and 
urinalysis was negative except for a biliuria. A flat roentgen-ray film of the abdomen 
revealed what was thought to be a large mass in the right upper quadrant. A cholecysto- 
gram failed to reveal any gallbladder shadow, leading to the roentgenographic diagnosis 
of a probable pathologic gallbladder. On conservative therapy the jaundice declined 
and the fever subsided; and as these improved, his abdominal complaints disappeared. 
In view of his improvement the patient was discharged from the hospital, a diagnosis of 
acute catarrahal jaundice having been made. 

Following discharge from the hospital, he was asymptomatic for approximately 
four weeks and then again began to have the same type of attacks. His mother noticed 
that the mass apparently was becoming larger very gradually and tended always to be 
present to some extent, even between acute episodes. On April 29, 1947, he was read- 
mitted on the Pedriatic Service for further study. At that time his temperature was 
100.6, and he was clinically slightly icteric. A mass was present in the right upper 
quadrant, somewhat larger than on the previous admission and this time was interpreted 
as an enlarged liver. The mass was slightly.- tender on palpation. On this admission the 
icterus index was 23, and again the van den- Beirgh reaction was of "the' immediate 
obstructive type; urinalysis was negative; -stool -examination revealed'no bile;’ red' blood 
count was 4.36 million with a hemoglobin of Sl%; an'd a color index’ of .94; there was a 
leukocytosis of 15,500 with an essentially normal differential count. Again on sympto- 
matic treatment he became afebrile and the mass- in the right upper quadrant receded 
somewhat. He was discharged, a diagnosis of acute hepatitis having been made. He 
was readmitted to the hospital on the Surgical Service one week later for further 
investigation. 

Past Medical History. Not remarkable. 

Previous Operations. Uneventful tonsillectomy and adenoidectomy in October, 1946. 

Family History. Irrelevant except for the fact that a paternal uncle died at the age 
of nine, reputedly with “yellow Jaundice and gallstones.” 

Physical Examination: 

General Appearance. On this admission the child was well nourished and well 
developed with a definite icteric tinge to the skin and the sclera. Tem- 
perature, 99. 

Head, eye, ear, nose and throat. Negative. 

Lungs. Clear to palpation, percussion and ausculation. 

Heart. No arrhythmia, murmurs or enlargement were detected. 

Abdomen. The superficial veins of the abdomen, as well as of the lower chest, 
were unusually prominent. The abdomen was slightly distended. A very 
large mass could be felt and seen in the upper abdomen e.xtending approxi- 
mately three fingerbreadths below the costal margin on the right and extend- 
ing down somewhat less on the left. Beneath this mass on the right a second 
tumefaction could be felt extending well below the umbilicus and out into 
.. the right flank. The upper, larger mass was firm, moderately tender, and 
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was interpreted as liver. The lower mass had a cystic consistency and 
could be moved slightly, particularly in the transverse axis, The spleen was 
not palpable. Normal peristaltic sounds were heard on auscultation of the 
abdomen. No spasm or rebound tenderness were present. The costover- 
tebral angles were negative. 

Rectal Exainiantion. Negative. 

Remainder of physical examination negative. 

Laboratory Findings: 

Blood. Red blood count, 4 million with a hemoglobin of 80% ; serology on two 
occasions, negative; clotting time, 4 min. 25 sec.; bleeding time. 1 min.; 
reticulocyte count, 1.5%; prothrombin . time, normal. 

Blood Chemistry. Admission icterus inde.x, 35 ; urea nitrogen, 7 mg.% ; fragility 
test revealed hemolysis beginning in a dilution of .34% and incomplete in a 
dilution of .26% ; cephalin flocculation test, negative. 

Urinalysis. Negative e.xcept for -| — |— | — f- biliuria. 

Stool Examination. Negative for bile. 

Roentgen-ray Findings: 

Chest and Abdomen. Flat film of the abdomen showed a great increase in density 
of the right upper and mid-abdomen. The lower half of the right kidney 
was outlined and wa.s apparently of normal size, shape and position. From 
this film a roentgen-ray diagnosis of a large mass of the right upper and 
mid-abdomen was made. Roentgen-ray examination of the chest was negative. 

Intravenous Pyelograni. No abnormalities of the urinary tract were visualized. 

Gastro-intesiinai -Series. This showed marked displacement anteriorly and to the 
left of the first and second portions of the duodenum, apparently by a large 
extrinsic mass'. Fourth-hour examination showed downward and medial 
displacement of the first portion of the transverse colon. 

Preoperative Course in the Hospital. — The patient’s temperature varied considerably 
during this period of observation, there almost always being slight fever, but recordings 
as high as 101 were made on several occasions. He was treated with glucose infusion, as 
well as a high-caloric, high-carbohydrate, and high-protein diet and was given large 
amounts of vitamin K daily. The low-grade jaundice varied considerably from day to 
day but subsided gradually, and the patient was icterus-free by the time surgery was 
performed. Episodes of severe abdominal pain occurred frequently, causing the child to 
cry bitterly. These attacks occurred most often immediately after meals. The cystic 
mass was found to change in size as much as 3-4 centimeters from day to day, a general 
regression in size occurring as his icterus subsided. Coincident with his general improve- 
ment and the decrease in icterus, one got the unmistakable impression that the mass had 
become much smaller. 

A diagnosis of choledochus cyst was made and the patient prepared for laparotomy. 

Operation. — Exploratory laparotomy; aspiration and biopsy of choledochus cyst; 

biopsy of liver; choledochocystoduodenostomy. (May 17, 1947.) 

Anesthesia. Ether. 

The abdomen was opened through a mid right-rectus incision. Upon opening the 
abdomen, the lower mass described previously was found to consist of a large, yellowish- 
tinged, tense, spherical, cystic structure covered with a veil-like layer of posterior peri- 
toneum (see Figure 1). Just above this and extending bilaterally across the abdomen well 
beneath the costal margins, the diffusely enlarged liver could be seen, this apparently 
representing the firmer upper mass palpated preoperatively. The liver was of normal 
color but was somewhat granular in appearance. Jutting out from beneath the right 
margin of the liver and wedged between it and the cystic mass beneath was an extremely 
large, tense, thick-walled gallbladder, the latter appearing to be on top of the cyst. The 
duodenum had been greatlj^ displaced and distorted and, instead of being in the usual 


242 



Volume 128 
N’luirber 2 


CHOLEDOCHUS CYST 


position, was actually extremely anterior and to the left of the midline. It was greatly 
flattened out and ribbonlike, being drawn tightly over the anteromedial aspect of the 
cyst and conforming to the contour of the latter. The pylorus was quite far anterior and 
was also displaced somewhat to the left. The right transverse colon had been displaced 
downward and the hepatic flexure, downward and mesially. Although fairly well fixed. 



Fig. 1. — Artists’ conception of the operative findings. The liver edge 
and the tense gallbladder can be seen beneath the right costal margin. The 
displacement of the transverse colon is also noted, as well as the marked 
anteromedial displacement of the duodenum and the pylorus. 

the mass was found to be moderately movable in a transverse axis. The cystic duct was 
slightly enlarged in caliber and was found to empty into an apparently normal common 
hepatic duct just above the origin of the cystic mass. The common duct distal to the 
cyst appeared to be slightly enlarged on palpation but was otherwise negative. A number 
of soft hyperplastic lymph nodes were discovered in the region of the head of the 
pancreas, and there was a marked mesenteric lymphadenopathy. The small bowel was 
situated predominantly in the lower abdomen and to the left of the midline. Other than 
abnormalities resulting from displacement, the large and small intestines were negative. 
The head of the pancreas was displaced medially and anteriorily. The kidneys were 
normal in position and size on palpation, as was the spleen. Extensive dissection about 
the mass was not carried out nor Avere the extrahepatic biliary passages probed, inasmuch 
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as many previous authors have advised limited exploration once the operative diagnosis 
has been made in order to prevent -umiecessary shock. 

The posterior peritoneum overlying the cyst was incised, revealing the cyst wall 
to be quite thick. Using a tuberculin syringe and a hypodermic needle, several cubic 
centimeters of thin yellow bile were aspirated from the cyst. The abdomen was then 
carefully packed off with moist laparotomy pads and a trocar attached to a suction 
apparatus was introduced into the cyst. Seven hundred cubic centimeters of golden yellow 
bile were removed. A culture from this material was taken. Interestingly enough, as the 
bile was aspirated from the cyst, the gallbladder, which had previously been extremely 
tense, collapsed markedly. In view of the recommendations of other authors, notably 
Ladd and Gross, it was felt advisable to attempt immediate anastomosis between the cyst 
and duodenum without excision, either partial or total, of the former. The duodenum, 
because of its displacement, lay in an ideal position for a side-to-side anastomosis with 
the cyst. A biopsy of the cyst wall was obtained at this point, the wall being approxi- 
mately 3 mm. in thickness, following which an anastomosis was effected. The stoma was 
situated in the first portion of the duodenum about one inch distal to the pylorus. 

Following a complete change of gowns, gloves and drapes, a small biopsy was taken 
from the liver edge, the defect being closed with fine silk sutures. The wound was then 
closed in layers, using interrupted silk throughout. 

During the operation the patient was given 500 cc. of whole citrated blood. He with- 
stood the operation extremely well and returned to the ward in good condition. 

Postoperative Course . — ^Almost immediately after operation the patient began to 
pursue a very stormy and hectic course. Unexplainable cyanosis was particularly trouble- 
some during the first three or four days, making the administration of nasal oxygen 
imperative. Shortly after reacting from the anesthetic, the child began to vomit copious 
amounts of bile, necessitating the intermittent use of Wangensteen suction for seven or 
eight days. A marked tachycardia prevailed during most of the first postoperative week, 
and the temperature reached a peak of 102.6 on the fourth and fifth days; thereafter it 
began to subside. The skin sutures were removed from the wound on the sixth post- 
operative day, when the wound showed little evidence of normal healing. Abdominal pain 
was unusually severe and followed each attempt to take nourishment for many 
days. Parenteral supplementation consisting of Hartman’s solution, 5% glucose, plasma, 
amigen, and blood were employed. Massive vitamin therapy, particularly large amounts 
of vitamin C and the B complex, and penicillin intramuscularly were also administered. 
Blood chloride on the third postoperative day was reported 525 mg.%. On the same 
day a red count was reported as 5.05 million with a hemoglobin of 112%, revealing some 
hemoconcentration. Moderate abdominal distention prevailed despite the use of the 
suction apparatus. On the eighth postoperative day, following a paroxysm of sudden 
vomiting, the wound disrupted throughout its entire length with eventration of small 
intestine. Sterile towels were immediately applied by the resident who was on the floor, 
and then the patient was taken to the operating room. His general condition was fair 
despite separation of the wound with protrusion of small intestine. A cannula was placed 
in the long saphenous vein, and he was given 250 cc. of plasma and the same amount of 
whole blood. It was noticed at the time of wound closure that the silk sutures were still 
intact, but there was no evidence of healing having occurred despite the postoperative 
administration of what had been thought to be adequate protein and large amounts of 
vitamin C. Following wound dehiscence with resultant evisceration, his course continued 
to be stormy, there being almost a persistent temperature to 100°. He gradually became 
able to take food, although for some weeks the ingestion of food caused some abdominal 
distention associated with cramplike abdominal pain. Normal-colored bowel movements 
were noticed on tlie tenth postoperative day. The silver wire sutures inserted at the time 
of secondary closure were removed on the twelfth postoperative day, when the wound had 
healed cleanly. Recovery of strength and weight was slow but progressive, and the 
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Fig. 2. — A photomicrograph of the cyst wall revealing the rather dense connective 
tissue and the lack of a definite lining membrane. (High power) 


patient was discharged from the hospital on the twenty-seventh postoperative day asympto- 
matic and afebrile. 

Pathologic Examination . — Microscopically the biopsy of the cyst wall was reported 
as showing moderately dense connective tissue which was relatively acellular and devoid 
of a proper lining (see Figure 2), 

The biopsy of the liver histologically showed some excessive cellularity about the 
portal spaces and increased periportal fibrosis (see Figure 3). 

The culture of the bile taken from the cyst revealed an almost pure growth of 
Escherichia coli. 

Follow-up . — The patient was followed in the Outpatient Department for the first few 
weeks after discharge, his course for the most part being a steady improvement. Approxi- 
mately .six weeks after discharge from the hospital he experienced an episode suggestive 
of low-grade cholangitis, his mother stating that nausea, vomiting, temperature elevation, 
and a slightly icteric tinge to the sclera were noted. This attack, however, did not require 
hospitalization, his parents not even consulting the family physician, inasmuch as they 
had been warned before the child’s discharge that such episodes might occur. He was last 
seen four months after operation, at which time he had gained approximately 5j4 pounds 
and had been totally asymptomatic for two months. 


COMMENT 

The case presented would appear to be quite typical in practically all respects. 
The classical triad of mass, jaundice, and pain was present in this case, as were 
the less often emphasized symptoms of intermittent fever, occasional nausea 
and vomiting, and fluctuation in size of the mass. As would be expected,' the 
findings characteristic of obstructive jaundice were present at the time the 
patient was admitted. Interestingly enough, as has been noted in the literature,^ 
the condition had previously been diagnosed as acute catarrhal jaundice and, 
on a second admission, as acute hepatitis. McLaughlin'* has remarked that 
an absolute preopei'ative diagnosis of choledochus cyst is impossible. However, 
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Fig. 3. — Photomicrograph of section of liver showing the 
increased cellularity about the portal spaces, as well as some 
increase in fibrosis. (Low power) 


this case was considered to be such because of the typical and almost pathog- 
nomonic features of the case. 

The surgical procedure carried out was that which apparently has been most 
generally recognized as giving the lowest mortality, namely, anastomosis of 
the cyst to the duodenum, which seems to us more accurately called chole- 
dochoc 3 ’^stoduodenostomy than choledochoduodenstomy as in the past. Exten- 
sive dissection was not carried out, although more information could probably 
have been obtained by so doing. Inasmuch as most case reports, particularly 
those of Ladd and Gross,® have demonstrated that prolonged dissection has 
often resulted in high mortality, only enough exploration was done to confirm 
the preoperative impression. Although the immediate postoperative course 
was quite stormy and complicated by wound dehiscence with resultant evis- 
ceration, the patient at his last examination four months later was asymp- 
tomatic and had regained his preoperative weight of 43 pounds, his discharge 
weight being 37j4 pounds. An episode resembling mild cholangitis occurred 
six weeks after operation, presumabl}'- from retrograde infection from the 
large cystic pouch. 
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Pathologic examination of the . liver revealed some increased periportal 
cellularity and fibrosis, which in general conforms to the microscopic picture 
of the case reports in which liver biopsy was done,^^ although it was much less 
severe than in many. However, symptoms suggestive of marked liver involve- 
ment had subsided prior to the time of surgery. Examination of the cyst wall 
revealed a characteristic marked fibrosis with no evidence of a definitive lining 
membrane, this corresponding with most previous reports. According 
to the literature, many different organisms have been cultured from the con- 
tents of the cyst.^^’ B. coli, has often been found as was the case in this 
particular patient. 

SUMMARY 

A case of that unusual condition known as choledochus cyst diagnosed pre- 
operatively and apparently successfully treated by choledocbocystoduoden- 
ostomy has been presented, as well as brief comments on its rarity and his- 
torical aspects. It is discussed briefly in the light of previously reported cases. 
Four months after operation the patient is asymptomatic, although initially 
he pursued a stormy course. 

"The most recent check-up was made in June, 1948, at which time the patient was 
totally asymptomatic and weighed 48 pounds, this representing a weight gain of 10 % 
pounds over his discharge weight.” 
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INTERNAL HERNIA WITH STRANGULATION OF BOWEL • 
DUE TO A DEFECT IN THE FALCIFORM LIGAMENT* 

Joseph Caster, M.D.** 

Los Angeles, Cal. 

Although the region of the umbilicus is the site of a wide variety of 
congenital lesions, the occurrence of abnormalities in the underlying structures, 
i.e., the round and falciform ligaments of the liver, is indeed a rarity. Triming- 
ham and McDonald ^ have classified twelve different anomalies in the region of 
the umbilicus. They state : "The umbilical vessels converging at the umbilicus, 
persist, normally, as the two obliterated hypogastric arteries, and the liga- 
mentum teres of the liver’s falciform ligament. It is doubtful whether this 
process is ever subject to pathologic aberration.” The author would like to 
present two cases of congenital defects in the liver’s falciform ligament. In the 
first case, the defect in the falciform ligament was large and contained omen- 
tum. In the second case, the defect in the falcifoi'm ligament was small and 
contained a loop of ileum producing intestinal obstruction with strangulation. 

The literature on intra-abdominal hernias is composed mainly of individual 
case reports, studies of limited groups .of cases and reviews of special types 
of hernias. Moynihan^, in 1906, published an excellent review of the various 
peritoneal fossae and reviewed the cases of intra-abdominal hernias up to that 
time. Short^ reviewed the cases reported between 1906 and 1915, and in 1925. 
Short^ reviewed the literature. Hansmann and Morton,® in 1939, published the 
latest review on the subject. 

The author believes that the following case reports are of unusual interest. 

CASE REPORTS 

Case 1: I was called to see a 63-year-oId white male who had severe pain in the 
umbilical region. He had been vomiting for several hours. His bowel movements were 
normal. The patient had been seen a few hours before by another physician who had 
made a diagnosis of gastroenteritis. Three years before, in another city, the patient had 
been jaundiced for two months. This was unaccompanied by abdominal pain or vomiting. 
Gall bladder roentgenograms had been taken, but the patient did not know the ‘results. 

Physical examination revealed no abnormalities of the chest. The abdomen moved 
with respiration and was soft on the left side. The whole right side of the abdomdn was 
somewhat spastic with marked tenderness and rebound tenderness, more marked in the 
right upper quadrant than in the right lower quadrant. Rectal examination was negative. 

The patient was hospitalized and had a temperature of 99 . 2 °, pulse ,120.. Blood 
Count: Hemoglobin 109%. RBC. 6,050,000, WBC 17,000, neutrophiles 88, lymphocytes 8, 
monocjdes 4, shift to the left. Urine showed a trace of albumin and was faintly positive 
for bile. Upright roentgenogram of the abdomen showed no air under the -diaphragm. 

The patient was taken to surgery with a diagnosis of acute surgical abdomen 
(perforated peptic ulcer or acute cholecj'Stitis). On entering the peritoneum, .the 
omentum appeared to blanket all the viscera and seemed to be running in several directions. 
Up through the center of the omentum extended what looked like a “guy rope” to the 

* Submitted for publication, August 1947. 

Now at the Alexander Blain Hospital, Detroit 7, Mich. 
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anterior abdominal wall. The disposition of the omentum appeared quite confusing, and 
only after dissecting it off the duodenum and gall bladder did the true situation become 
apparent. The fundus of the gall bladder was gangrenous and perforated, and hao 
produced an intraperitoneal abscess which was walled off completely by the omentum. 
The omentum came up, as it usually does, to envelop the duodenum and gall bladder, 
but in addition, it had swung up around and through a large V shaped defect in the 
falciform ligament to again reach the duodenum and gall bladder. This “guy rope” 
piece of tissue was seen to be the obliterated umbilical vein, running from the porta hepatis 
to the umbilicus in the anterior abdominal wall, and the falciform ligament ended as a 
free edge, leaving a V shaped defect between the round and falciform ligaments, (see 



Fig. l.~Anterior view of defect in falciform ligament with round ligament held 
up towards the anterior abdominal wall. (1) Right lobe of liver. (2) Left lobe of 
liver. (3) Parietal peritoneum covering undersurface of right leaf of diaphragm. (4) 
Parietal perUoneum covering undersurface of left leaf of diaphragm. (5) Round liga- 
ment. (6) Falciform ligament. e . v. ^ 

Fig. 1). No perforation was found in the gastrb-intestinal tract. A cholecystostomy 
was done. The postoperative course was stormy and the patient died on the fourth post- 
operative day. 

Autopsy revealed the described defect in the falciform ligament, associated with a 
lack of development of the left lobe of the liver, acute exacerbation of chronic cholecys- 
titis witli cholelithiasis, localized peritonitis, right retroperitoneal cellulitis, and coronary 
sclerosis. • • - 

Case 2: With the permission of Dr. Marcus H. Rabwin, Attending Surgeon at 
the Cedars of Lebanon Hospital, Los Angeles, I am presenting the following case which 
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occurred on his service. This patient had a similar defect in the falciform ligament with 
strangulation of the bowel. 

A white male, 71 years of age, was admitted in a moribund condition and died in 
the hospital within a few hours, without operation. The patient gave a history of 
cramping, upper abdominal pain and vomiting for four days. 

Examination revealed distention of the whole abdomen. Flat film of the abdomen 



Fig. 2, — X-ray showing gas shadow in a closed loop of small intestine 
under right diaphragm. Also distended obstructed loops of small intestine 
down below. 


revealed a gas shadow under the right diaphragm which was between the liver and 
.diaphragm and was interpreted as free air. 

At autopsy there was a loop of strangulated small intestine which had herniated 
itself through a defect in the falciform ligament. The cause of death was intestinal 
obstruction with strangulated bowel. After the autopsy, the flat film was reexamined 
and it became apparent that what looked like free air was actually a gas shadow in a 
closed loop of small intestine (see Fig. 2). Thus the diagnosis could have been made 
from this roentgenogram had we been aware of the existence of this rare condition. 
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DISCUSSION 

A review of the literature discloses only one other report of an abnormality 
of this type. Schutz and Ziegler® report a case of intestinal obstruction due 
to internal hernia beneath the umbilical vein in a new born baby. The infant 
was operated on during the first week of life. At operation ten to twelve cm. 
of small intestine were found protruding through a small aperture just behind 
the ligamentum teres of the liver. The loop of intestine, as in our case, had en- 
tered the defect on the left side and had its exit on the right side, so that it 
again lay between the right lobe of the liver and the diaphragm. 

Cullen'^ states that the peritoneum may be elevated over the umbilical vein 
in the form of a mesentery, but he makes no mention of an aperture between 
the vein and the anterior abdominal wall. 

In one of the three cases, the defect in the falciform ligament was an inci- 
dental finding. Undoubtedly the occurrence of internal hernias is more fre- 
quent than one would think from the paucity of reports in the literature. This 
is so, because most of them exist without producing symptoms, just as patients 
frequently have asymptomatic external hernias. Alexander® has pointed out 
that internal hernias can be easily missed during a routine gastro-intestinal 
series. He advises observation of the small intestine at more frequent intervals 
by the radiologist. In the other two cases, the defect in the falciform ligament 
caused intestinal obstruction, and in one of these cases strangulation was also 
present. 

Although internal hernias are uncommon they are important for the general 
surgeon because they may be met unexpectedly at the operating table. If the 
diagnosis could be made before operation, as shown in the photograph of the 
roentgenogram, it would be of vital importance. 

Steinke® has classified internal hernias into three divisions : (1) Retroperi- 
toneal (paraduodenal, paracecal, intersigmoid, supravesical and through the 
foramen of Winslow), (2) Intraperitoneal (anomalous openingsnn the mesen- 
tery, transverse mesocolon, omentum and broad ligament of the uterus), and 
(3) Postoperative after anterior or posterior gastroenterostomy and after the 
Baldy-Webster type of uterine suspension. 

To the above classification, should be added a new group of internal 
hernias, i.e., hernias through defects in the falciform ligament. These defects 
undoubtedly are congenital anomalous openings and as such, should be in- 
cluded with internal hernias of the intraperitoneal type. 

SUMMARY 

1. Another group of internal hernias is added to the standard classification, 
i.e., hernias through defects in the falciform ligament. 

2. The diagnosis may be made preoperatively. 

3. An internal hernia is occasionally found as an incidental finding while 
operating for other conditions. 

4. It is important to be familiar with internal hernias because it enables 
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the surgeon to recognize more quickly the condition at hand, and because 

reduction of the intestines can be effected with a cure. 

REFERENCES 

^ Trimingham, H. L., and J. R. McDonald: Congenital Anomalies in the Region of the 
Umbilicus. Surg., Gynec. & Obst., 80: 152, 1945. 

- Moynihan, B. G. A.; On Retroperitoneal Hernia. New York, Wm. Wood and Co., 1906. 

® Short, A. R. : A Case of Retroperitoneal Hernia Cured by Operation. Brit. J. Surg., 
3: 48, 1915. 

■* :On Retroperitoneal Hernia: With a Report on the Literature. Brit. J. Surg., 

12: 456, 1925. 

Hansmann, G. H., and S. A. Morton: Intra-abdominal Hernia, Report of a Case and 
Review of the Literature. Arch. Surg., 39: 973, 1939. 

® Schutz, R. B., and A. M. Ziegler: Persistent Fetal Tachycardia and Neonatal Intes- 
tinal Obstruction due to Internal Hernia Beneath the Umbilical Vein. Am. J. Obst. 
& Gynec., 33: 692, 1937. 

Cullen, T. J. : The Umbilicus and Its Diseases. Philadelphia, W. B. Saunders Co., 1916. 

® Alexander, F. K. : The Roentgen Diagnosis of Intra-abdominal Hernia. Am. J. Roent 
gen., 38: 92, 1937. 

” Steinke, J.: Quoted by lason, A. H.: Hernia. Philadelphia, Blakeston Co., 1941. 


252 



ACUTE TORSION OF THE GALLBLADDER * 
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I. PURPOSE 

The purpose of pvtidisiiing tliis article (ni acute torsion of the gallbladder 
is to direct attention to an entity which is seldom mentioned in American medi- 
cal literature, but which .‘should he seen with increasing frequency in the future 
since it occurs predominantly in elderly people. 

I r. II ISTORICAL DATA 

In 1898 Wendel” reported the first case in a 2.vyear-old female. Shipley’s 
article in 1927^“ revealed the 21 cases of torsion of the gall bladder reported 
up to that time and added one of his own. This was the most exhaustive study 
at that period. Short and Paul's ( 19.14) classical discussion’-' is the most out- 
standing, both in comprehensiveness and clarity. The authors feel that the 
time spent in reading this excellent work is indeed worthwhile. Meeker and 
Lisenby’s” recent work is especially desirable because of the beautiful plates 
depicting anomalies of the gallbladder. 

HI. INCIDE.XCE 

As late as 1946 there were only 76 cases reported in the literature avail- 
able.’’’ ^ All reports indicated that the condition is found more frequently in 
females of the older age group, particularly of the visccroptotic type. Accord- 
ing to Short and Paul,’” 7 to S/f- were males. The age of incidence varied 
from 1 1 years to 83 years. The A-ast majority, however, Avere betAveen 60 
and 80 years. 

IV. MECHANISM OF TORSION 

Four possible anatomic arrangements of the viscus are mentioned, only the 
fourth of AA'hich is important in our discussion : 

1. Gallbladder may be embedded in tbe liA’er tissue. 

2. Gallbladder may be closely attached to the under surface of the liver, 
Avith intervening connectiA’e tissue. 

3. The outer surface of the fundus may be surrounded by peritoneum and 
the rest attached to the liver, but not actuall}’’ touching because of the inter- 
posed fibrous tissue (the normal arrangement). 

4. Gallbladder may be completely surrounded by peritoneum, and be free, 
except Avhere it is attached to the cystic duct. 

With the arrangement described in No. 4 aboA'^e, it is concewable that the 


* Submitted for publication, February 1948. 
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cause of torsion is related to the movement of normal peristalsis in the trans- 
verse colon. As peristalsis proceeds, the overlying gall bladder becomes 
twisted. The associated abdominal rigidity aggravates the existing condition. 

The matter of torsion, either clockwise or counter-clockwise, is still un- 
settled and is not important. The loss of elasticity of supporting structures is 
probably a factor, particularly in the old age group. The volvulus is more 
liable to reduce itself in a younger person because elasticity is still present. 
Stones do not seem to be a predisposing factor and are only present in a 
moderate percentage of the cases studied. 

V. SIGNS AND SYMPTOMS 

In the majority of cases the onset is acute, with sudden, severe pain in the 
right upper quadrant, or midabdominal pain which may radiate to the back 
or shoulder and in other characteristics simulate a biliary colic. Vomiting is 
a frequent, but not constant, finding. 

In more than half of the cases reported it was stated that a palpable tumor 
mass could be felt in the region of the gallbladder shortly after the onset of 
pain (within two hours). This mass is usually exquisitely tender, can be seen 
or felt more readily with respiration, and is associated with rigidity and spasm 
of the abdominal muscles. Muscle spasm and rigidity of the abdominal wall 
increase with the duration of the symptoms. Jaundice is rarely present; in 
fact it was not mentioned in any case reported. 

When the volvulus is incomplete the onset may be insidious, with less 
pronounced symptoms. Such cases are extremely difficult diagnostic prob- 
lems because of their similarity to acute cholec)'^stitis. Cases have been reported 
where the individual had severe pain and a palpable mass, both of which dis- 
appeared only to recur at a later time. Such a history should suggest the 
diagnosis of torsion. 

Chills and fever are characteristically lacking. In fact, during the first 24 
to 48 hours the temperature, pulse, and respiration are usually normal, but 
later all three may show a marked rise if surgical intervention is delayed. 

Symptoms of peritonitis appear when the gallbladder becomes gangrenous 
and perforates. In only two reported cases has shock played a predominant 
role, and in one of these it was the apparent cause of death. 

Flatulent indigestion, suggesting gallbladder disease, occurs infrequently 
in these individuals. 

VI. DIFFERENTIAL DIAGNOSIS 

Torsion of the gallbladder is most frequentl}'^ diagnosed as cholecystitis or 
cholelithiasis, with hydrops or empyema of the gallbladder. Appendicitis, 
intestinal obstruction, twisted ovarian cyst, ruptured peptic ulcer have all been 
confused with this entity. However, in most instances, if the condition de- 
scribed herein is given consideration, diagnosis may not be too difficult. 

Typicall}’^, torsion of the gallbladder occurs in an elderly visceroptotic 
female. The most striking symptoms are the sudden onset of severe epigastric 
pain (upper right quadrant), and the appearance of a palpable, tender mass a 
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short time later. Tlic absence of jaundice, and constitutional symptoms 'such 
as fever, increased pulse and respiration, should suggest the diagnosis, espe- 
cially if rigidity and tenderness are present on abdominal examination. Subsi' 
dence of the symptoms may occur if the volvulus becomes untwisted and the 
mass disappears. Likewise, the pain ina}- he tcmporaril}' alleviated by manipu- 
lation of the tender mass, or by the assumption of various positions. 

VII. rilOGNOSIS 

Hugh Arthur- mentions the mortality rate in cases of torsion as 16 ^ 0 . This 
could be reduced, however, jiroviding an early diagnosis of the condition is 
made, since the chances for a successful operation and an early convalescence 
are excellent. All cases reported as having a fatal outcome cither had per- 
forated, expired from surgery, or were tmrccognized on initial diagnosis. 

VI II. TRi:.\TMi:XT 

Early surgery will save the vast majority of cases recognized as torsion. 
The surgeon feels that a paramedian incision is the one of choice inasmuch 
as the tissue is loose and there is no difficulty in exposure. The cholecystec- 
tomy is simple but the general laxity of the tissues should make one extremely 
c.autious, particularh* in identifying the cystic and common bile ducts. One 
case of fatal outcome was caused by tying o(T the common bile duct. A few 
cases were reported to have had bloody drainage in the gallbladder fossa or 
peritoneal area. Early ambulation is essential. 

IX. RKPORT or .\ CASE 

The patient, R. P., a tliin, 63-yc.ar-ol(l white male, occupation — butcher, was first 
seen on 10/20/47. While at work three days previously, at 11 ;30 .A. 1^1., he was seized 
with a severe peri-umbilical pain associated witli swcatiiiR and a feeling of faintness. The 
pain persisted without radiation ; it was greatly aggravated bj' cliangc of position and 
by coughing. 

The evening of onset the patient vomited six or eight times, but tliis ceased the fol- 
lowing morning and did not recur. The patient remained on a liquid diet throughout his 
illness, however. No belching, gas, distention, or bowel movements had occurred since 
two days prior to the onset of the present illness. Tliere were no chills or fever, nor was 
there any jaundice. Pain, however, persisted. 

In the past, the patient had had no similar episodes. However, at one time, about 
30 years previously he had been treated for "ulcers” ; these responded to a medical regime 
without recurrence. A review of systems, past liealtli and family history did not reveal 
anything of note. 

Physical examination. A tall, thin, dS-ycar-oId white male, acutely ill, complaining 
of peri-umbilical pain ; B.P. 120/76, pulse 78, resp. 18, temp. 99. The general physical 
examination was negative except for the abdomen, which on inspection presented a smooth, 
pear-sized mass, 1" above the umbilicus, and to the right of the mid-line. This mass 
moved with respiration, and with the patient turned on his left side it could be seen and 
felt across the mid-line to the left epigastric region. 

The mass was exquisitely tender to palpation and could not be well outlined because 
of the associated rigidity of the abdominal wall. At times it appeared to pulsate, but with 
the patient in knee-chest position no pulsation was evident. In this position, however, 
manipulation of the mass gave temporary relief of the pain, with recurrence of its former 
severity as soon as the recumbent position was resumed. 

The patient was seen in consultation several hours later (90 hours after onset of 
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present illness), at which time the temperature was 100.2, pulse 106, respiration 24. The 
physical findings otherwise were essentially the same as on previous examination except 
for more extensive tenderness and rigidity. The impression was acute abdomen, probably 
a ruptured ulcer. The laboratory studies were as follows: 

Roentgen-ray — flat plate of abdomen: normal except for a ptosis of 
right kidney 
Urine — negative 

White count — 16,000; polys, 85; lymph, 15 
Surgery. With the aid of a pontocaine anesthesia, the abdomen was opened, using 
a paramedian incision. A dark, shiny gallbladder presented itself and was attached only 
at the cystic duct; the neck of the gallbladder was twisted 360 degrees. The common 
bile duct was readily identified. No bloody drainage was present. The gallbladder was 
excised between two Moynihan clamps and the stump doubly ligated; the abdomen was 
closed without drainage. The patient was made ambulatory 12 hours later. Convalescence 
was smooth except for a cigarette cough. Sutures were removed on the eighth day. 
Patient returned for a 30-day checkup and was found fit. 

Pathologic report. 1. Gross : Gall bladder measure, 8x4 cm. It is reddish black 
in color and appears entirely gangrenous. 

2. Miscoscopic: Almost complete hemorrhagic infarction. One medium-sized artery 
contains an organizing thrombus and all the veins are enormously dilated and plugged 
with blood. One section shows extensive old chronic inflammation and fibrosis accom- 
panied by marked glandular infiltration into the wall. This infiltration is in the form of 
strands and the epithilial changes are the result of chronic inflammation. 

summary 

A case of torsion of the gallbladder has been presented. A patient having 
a history of acute pain in the upper right quadrant, followed by an abdominal 
mass within two to three hours and a gallbladder syndrome, should make 
one consider this possibility, particularly in an elderly visceroptotic male or 
female. The authors hope the paper may be of some assistance in establishing 
such a diagnosis. 
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SADDLE EMBOLUS OF THE AORTA 
Report of Successful Embolcclomy ^ \ 
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AND LITTU: COMPANY OF MARY HOSPITAL 

The purpose or this paper is to report an additional successful embolec- 
toni}' at the bifurcation of the aorta. Although the literature of recent 
years’’ ■’ records an increasing nunibcr of successful enibolcctomies for 
saddle embolus at this point, the total remains small. It is believed that the 
details of single case histories may still be of sufficient interest to justify a 
report of this kind. 

CASE REPORT 

Mrs. C C, .a 52-yc.ar-olcl Iioiiscwifc wlio liacl l)ccn cotifincd to bed for several weeks, 
w.as rccovcrinpr from her second cjiisodc of cardiac tleconipensation, during whicli slie had 
received digitalis. .Auricular fibrillation was present. Late in February, 19-16, the patient 
noticed vague pain in the anterolateral part of the left leg. This was followed by weakness 
in the peroneal group of muscles and by a mild foot drop. About ten days later, on March 
4. 1946, while the patient was out of bed to the bathroom, there was rapid onset of numb- 
ness in both legs, followed by pain in the lower a!)domen and sacral region which moved 
downward gradually to involve both legs. .At this time, the patient became unable to walk 
and paralysis of the lower legs was soon complete. A physician administered morphine, 
gr., without significant relief, while arranging for tlie patient’s admission to Little Com- 
pany of Afary Hospital. 

The essential findings on admission were pain, coldness, numbness and paralysis of 
the legs, and diitusc pain in the lower abdomen and sacral region. The oral temperature 
was 96° F. Auricular fibrillation was present. The cardiac rate determined at the ape.K 
was 180 per minute. The pulse rate at the wrist was 80 per minute. The blood pressure 
in the left arm was 170/110 mm. Hg. Pulsation of the abdominal aorta could be felt 
distinctly almost to the region of the sacral promontory, but there were no pulsations 
below this point except for a weak pulsation in the region of the left femoral artery. This 
latter finding was interpreted as representing pulsation transmitted bj’ a tail thrombus. 
A diagnosis of saddle embolus at tlie bifurcation of the aorta was made. Immediate 
embolectomy was advised. 

Six hours after embolism, operation was performed. Under satisfactory general 
anesthesia, the bifurcation of the aorta was exposed transperitoneally through a midline 
incision which e.xtendcd about equidistant above and below the umbilicus. (Fig. 3.) Pul- 
sation in the aorta was present to within 2.5 cm. of the bifurcation. Below this point, a 
soft mass extending into both iliac arteries could be palpated through the walls of the 
vessels. The overlying peritoneum was divided, and tiie aorta and the iliac arteries in 
the region of the bifurcation were freed from the surrounding areolar tissue. Tapes were 
placed about the aorta and the iliac vessels, and an incision about 2 cm. long was made 
into the anterolateral portion of the vascular wall at the junction of tlie aorta and the 
right common iliac artery. (Fig. 1.) The obstructing mass of clot was removed from 
the region of the bifurcation, together witli a tail thrombus about 6 inches long from the 
the right iliac artery. (Fig. 2.) The clot was removed from the left iliac artery in several 
pieces and free bleeding occurred with the force expected as each'tape was- released inde- 

* Presented, omitting Discussion, before the Chicago Surgical Society, April- 4, 1947. 

t Submitted for publication, February 1948. 


257 



JOHN L. KEELEY 


Annals of Siirrers 
A UK u St, 19-18 


peudently. The opening in the vessel was closed by a running mattress suture of fine 
“arterial” silk which everted the edges, producing intima-to-intima contact (Fig. 1), and 
at this time the intravenous administration of 10 cc. (100 mg.) heparin solution in 500 cc. 
normal saline solution was begun. The abdomen was closed. The patient’s general con- 
dition was considered fair, the blood pressure having fallen from 140/80 to 110/60 during 
the operation, while the pulse rate varied from 100 to 140 per minute. The operation lasted 
115 minutes. 


5^uction 

tube 



common 
iliac a — 




Fig. 1. — The incision in the vessd wall at the junction of the aorta and the right 
iliac artery is shown. By opening the vessel at this point, the mass of clot accumulated 
at the bifurcation was easily removed and it was possible to pass a suction tube into both 
iliac arteries. The tapes maintained hemostasis satisfactorily and apparently did not dam- 
age the vessel walls. In closing the incision, a single running mattress suture of 5-0 silk 
provided intima-to-intima approximation. 

Immediately after the operation, pulsations could be felt in all peripheral arteries 
e.xcept the dorsalis pedis on the left. On the following day, paralysis of the peroneal 
group of muscles on the left was found to be present. The postoperative course was other- 
wise satisfactory. On the 5th day following operation, pulsation returned in the dorsalis 
pedis artery on the left, but marked w'eakness persisted in the peroneal group of muscles 
for about four weeks. Adjunct treatment consisted of novacaine injection of the lumbar 
sympathetic fibers bilaterally on the first postoperative day, spinal anestliesia {'pontocaine 
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liydrochloridc) on tlie second, third, fourth and sixth postoperative days, intermittent 
venous constriction, and anticoagulant therapy. The patient was allowed to be out of bed 
on the 12th postoperative day and was dismissed from the hospital 5 days later. Dependent 
edema of the left leg was present for about 6 weeks following the operation (Fig. 3), but 
was easily controlled by clastic bandages and has not recurred. During the summer of 
19-16, the patient enjoyed a 4,000-milc motor trip with her family. She has resumed and 
continued light household duties. Itlild weakness of the peroneal muscles on the left 
persists. In the 23 months which have elapsed since operation, the heart disease has 
remained compensated. Fibrillation, however, is still present. 


DISCUSSION 


Embolic occlusion of any of the major arteries is not only a serious condition 


per sc; it also indicates the pre.sencc 
of the emboli is most often the heart, 
mitral steno.sis, and ujion which hav 
lion, operative trauma, fibrillation, or 



of major underlying disease. The source 
Rheumatic endocarditis, particularly with 
2 been superimposed the factors of infec- 
coronary occlusion, is the most frequently 
encountered basic pathology. Murray •’’’ 
states that in coronary disease the 
mural thrombus may attain such size 
that portions of it are not firml}'^ at- 
tached and can be swept into the 
circulation. Far less commonly, vege- 
tations from heart valves, atheroma- 
tous plaques from the aorta, or the 
unusual paradoxical embolus arising 
in the course of venous thrombo- 
7, .s, embolic obstruction in 

the major arteries. Changes in the 
clotting mechanism associated with 
intensive or excessive digitalis dos- 
age, as described by De Takats et al,® 
must be included in the etiologic back- 


Fig. 2. — The clot as assembled after re- 
moval. The tail thrombus is from the right 
iliac artery and was approximately 15 cm. 
long. The clot from the left iliac artery was 
removed in several pieces. 

restoration of normal rate and rhythm 
Obstruction at the bifurcation of tl 


ground. Murray and Reynolds and 
Jirka^° have called attention to the 
influence of changes in cardiac rate 
and rhythm in dislodging emboli. 
Thus, the onset of fibrillation or the 
are often associated with embolism. • 
e aorta due to a saddle embolus is the 


most serious of all peripheral embolic disturbances and, fortunately, the least 
common, comprising approximately 4.5 per cent, according to Pratt.^^ How- 
ever, De Takats’ compilation’” of the figures given by Heidrich,’^^ Petitpierre’** 
and Pearse^^’ places the incidence of saddle embolus at 10.14 per, cent. 

The patient with obstruction of the artery to an extremity, if untreated, 
may develop gangrene and survive subsequent amputation. It is generally 
conceded, however, that in every instance of aortic embolus obstructing the 
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bifurcation in which the circulation is not restored, the patient is doomed to 
death from gangrene.®* The extremely rare reports in the literature^®* 
which describe spontaneous recoveries of patients with saddle emboli of the 
aorta may concern partial occlusion with subsequent thrombosis occurring in 
such a manner as to permit the collateral circulation to become adequate. 
Another explanation may be the occurrence of simultaneous or almost simul- 
taneous bilateral iliac or femoral emboli. Thus, in Reich’s^® case of aortic 
obstruction with recovery under conservative management, the patient had 
pain in hips and legs but no abdominal pain. It is not stated that both femoral 
pulsations were absent. The patient showed considerable improvement on the 
second day. Herrman’s^’^ case, diagnosed as saddle embolus of the aorta, had 
pain first behind one knee and, several hours later, behind the other knee. He 
had “fleeting pain in the abdomen and precordium.” The femoral pulsation, 
barely palpable on the left, vas not definitel}* palpable on the right. 

DIAGNOSIS 

The onset of persistent peripheral circulatory 
disturbances of severe degree in a patient whose 
medical background contains any of the above- 
mentioned etiologic factors should, until proved 
otherwise, warrant a diagnosis of peripheral ar- 
terial occlusion. The visual conception of the speed 
of arterial blood flow and the sudden arrival of an 
embolus at a point in the vascular system so 
narrow as to be completely blocked by the embolus 
make it easy to believe that the onset of symptoms 
(in peripheral arterial embolus) must be sudden. 
However, two general types of histories have been 
obtained in proven cases. One of these is charac- 
terized by sudden localized pain indicating approx- 
imately the point at which the embolus has been 
arrested and, after an interval lasting up to several 
hours, a diffuse type of aching pain throughout the 
areas distal to the obstruction, due principally to 
anoxia of the muscle and varying in degree with 
the amount of muscle involved. This clinical 
picture is ascribed to obstruction of the main ar- 
tery, accompanied by vasospasm to a small degree 
Fig. 3.— This photograph proximal to the embolus, but principally distal, 

was token a short time after subsequent thrombus formation blocking the 

dismissal from the hospital. , . . 

The wound is healed solidly, collateral circulation. This sort of clinical picture 

The swelling of the lower jg pj-gsent in approximately two-thirds of the re- 
part of the left leg can be ^ ^ i / • , , , <i i is 

seen. There was no signifi- ported cases of peripheral arterial embolus."* •’* 

cant difference in color or jj. appears to be even more frequent in saddle 
skin temperature of the right . , , , , • c 

and left legs embolus of the aorta, according to the review ot 
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McClure and Harkins,'-’ who found it present in 97 per cent of the cases 
reported by Hesse.’” The other mode of onset seen in the remaining third 
of reported cases of peripheral arterial embolus is characterized by paresthesia 
as the initial symptom, followed by numbness, diffuse pain and paralysis as 
anoxia becomes more severe. The case rc])ortcd herein and those reported by 
Ravdin-” and Linton” had this type of history. 

Murray,” in commenting on the di/Terence in the symptomatology, pointed 
out that the smaller arteries near the periphery have a greater proportion of 
smooth muscle in their walls than do the larger central vessels and, therefore, 
may be the site of more severe vasospasm and pain. He states that in his cases 
of aortic and iliac cmholi the i)ain at the onset was not as severe as in some of 
the more peripherally located emboli. .Agar’s patient,’ treated successfully by 
cmbolectomy for saddle embolus at the aortic bifurcation, complained only of 
numbness followed by “discomfort.” With relatively less smooth muscle in the 
larger vessels, there should he less vasospasm and hence less pain. For the 
same reason, one would e.xpect less pain at the onset in patients whose vessels 
have atheromatous changes. The complete absence of pain as reported by 
de Takats-’ could be explained on the basis of one of these factors plus ischemia, 
which brought about an early physiologic block of sensory nerves. 

According to Murray.” the absence of pulsations is the most important sign ; 
yet, this finding is subject to careful consideration and analysis. A^asospasm 
may be so severe as to obliterate pulsations in vessels not obstructed by clot, 
as reported by Allas'-- ;ind by Reynolds and Jirka.’” In these instances, the 
pulses may return while ju’eparations for operation arc being made. It must 
be concluded in these ca.ses that an embolus has moved distally or that vaso- 
spasm has subsided. On the other hand, the presence of pulsations may be 
deceiving. Tlieorcticalh'. the transmission of pulsations by a tail thrombus 
should produce a linear thrust (Xordentoft’s sign) instead of an expansile 
type of pulsation, but this distinction ma}' be difficult in the presence of much 
subcutaneous tissue. If the patient is not too obese, pulsations can be felt in the 
aorta above the embolus. The clearly defined point beyond which they are 
not palpable is often striking. 

Tenderness at the site of embolus is not present early, but depends on the 
development of inflammatory changes in the intima. The color changes in the 
skin are important. Pallor and blanching occur early ; later, mottled cyanosis 
appears. Leriche”” has called attention recently to “marbled” blanching which, 
he warns- means complete arterial obstruction. He states that antispasmodic 
drugs and blocking of the sympathetic fibers are insufficient to restore the 
circulation at this stage and that surgical intervention is imperative. Later 
manifestations include motor and sensory paralysis, as ichemia produces a 
physiologic interruption of nerve and muscle function. 

With the etiologic factors and symptomatology in mind, it would seem 
a most impossible to confuse the clinical picture of aortic embolus with the 
more gradual process of aortic thrombosis. In the latter, there are usually 
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weeks or months of development characterized by fatigability of the lower 
extremities, intermittent claudication, coldness of the feet, atrophy of the calves 
and thighs and, in males, impotence.^^ Most of Greenfield’s patients^® were 
seriously ill with some systemic disease or already had complications of their 
heart disease. However, in cases of thrombosis’ the circulation may become 
inadequate rather suddenly (in 10 per cent of cases, according to McKechnie 
and Allen^®), and the onset of pain and evidences of circulatory inadequacy may 
therefore appear to be an acute and recent process. The differentiation should 
be made easily on the basis of the past history, the atrophy of the legs, and 
sclerosis of peripheral and retinal vessels. In many instances, roentgen-ray 
examination will show calcium deposits in the peripheral vessels. 

Phlebothrombosis, characterized by pain and coldness and accompanied by 
sufficient vasospasm to obliterate palpable pulsations, might be confused with 
arterial occlusion, but it is unlikely that both extremities would be involved 
simultaneously. Furthermore, the events leading up to it, the lack of etiologic 
background for an embolus, its unilaterality, and the continued presence of 
sensation and voluntary motion should enable one to make the distinction. 

TREATMENT 

Embolectomy is the only life-saving treatment for a patient with an aortic 
embolus. Even in poor risk patients it is well to remember that they do not 
die from the operation of embolectomy: they die of gangrene, heart disease, 
or as a result of amputation. As a general rule, the sooner embolectomy is 
done, the better will be the results. Furthermore, as Pratt states,^^ thrombosis 
follows embolus in 50 per cent of cases and will spread to involve collateral 
vessels.. This is one of the main reasons for early operation. 

Morphine given for the pain will generally serve as the pre-anesthetic 
medication, with the addition of scopolamine or atropine. Two approaches 
have been used : one- a direct attack by exposing the bifurcation of the aorta^> ® 
and the other, an indirect approach in which the iliac or femoral arteries are 
exposed and the clot dislodged by the retroperitoneal milking of Nystrdm^® 
or by intravascular probing.^®’ In the indirect methods, the clots are 
swept down by the pressure of blood behind them and removed from the vessels 
at or near the inguinal ligaments. 

The general condition of the patient will be the deciding factor in the choice 
of operative procedure. There will be patients who are obviously extremely 
poor risks for the transabdominal approach and whose only hope lies in the 
success of the indirect removal of the clot. If the general condition of the patient 
warrants the abdominal approach, it appears to be a matter of choice whether 
one opens the peritoneum or not. Murray^ finds the retroperitoneal approach 
entirely satisfactory. The time necessary to do the retroperitoneal dissection is 
probably about the same as that needed to close the peritoneum when the trans- 
peritoneal approach is used. Since the bowel is packed out of the way and 
need not be disturbed throughout the operation by the transperitoneal route, 
there should be little trauma to cause postoperative ileus; whereas it is well 
known that troublesome ileus may result from retroperitoneal dissection. A 
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fipecial indication for the retroperitoneal approach might be the presence of 
intrapcritoneal infection or suppuration. In such a case reported by Schmorell 
in whicli a saddle embolus of the aorta occurred in the presence of peritonitis 
following operation for appendicitis, the extraperitoneal milking method of 
Nystrom was employed successfully. 

Anesthesia will depend on the approach. The indirect approach through 
the femoral vessels can be made largely under local anesthesia. For the trans- 
abdominal route or for the deeper portion of the retroperitoneal milking skillfully 
given general anesthesia svipplying adequate oxygen with the anesthetic agent 
is preferred. Two objections to spinal anesthesia have been expressed. One 
is that the relaxation it brings aljout in the vessels may allow the embolus to 
migrate, and it docs not necessarily follow that it will go to a more accessible 
point. The other objection is that often there may be a fall in blood pressure 
with the spinal anesthetic contributing to the stagnation of blood and enhancing 
the chances of thrombus formation. However, Agar’s successful case'* was 
performed under spinal anesthesia. 

The next point to consider is the method In which the lumina of the aorta 
and the iliac vessels arc temporarily occluded. If the walls of the aorta and the 
iliac arteries are normal or, at least, not atheromatous, occlusion by the use of 
umbilical tape, clamping it close to the vessels and twisting the clamp, as 
apparently has been done in most of the reported cases, appears to be entirely 
satisfactory. The use of modified Moynihan intestinal clamps, as used by Gross 
in aortic resection for coarctation,-*' and the Bethune clamp, as recommended 
by Linton,^ would cause less wrinkling of the intima and, perhaps for that 
reason, less chance of disrupting it. 

There arc few references in the literature describing the incision in the 
aorta.^> ^ The anterolateral incision at the junction of the aorta and the right 
common iliac artery, as shown in Figure 1, is entirely satisfactory. In addition 
to providing adequate room for removal of the mass of clot at the bifurcation, 
It permits the introduction of a suction tube into both iliac arteries for the re- 
moval of any clot which has not adhered to the main mass. The incision in the 
vessel wall is about 2 cm. to 2.5 cm. long. It is believed that a smaller incision 
would necessitate breaking up the mass of clot, thus running the risk of a small 
piece being overlooked and swept distally on re-establishment of the circulation. 

Usually it is not difficult to remove the clot resting at the bifurcation of the 
aorta. If this is done before clotting has occurred in the collaterals, a single 
tail clot (Figure 2) will come with it. However, if the clot becomes fragmented, 
suction by means of a glass tube or a catheter with the opening on the end 
may be used to retrieve clot fragments. It seems reasonable to suppose that 
clots in the smaller vessels and portions of the main clot which are still present 
in the larger vessels might be “milked" proximally to the site of embolectomy 
by wrapping the leg firmly from the toes upward with a wide Para rubber 
bandage. Often, the small remaining portions of clot so impair the circulation 
as to prevent survival of the extremity after what appears to be a satisfactory 
embolectomy. This wrapping could be used, for the same reasons, in embolec- 
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tomy in the upper extremity and, because of the lesser muscle mass, might 
be more effective there. 

The closure of the wound in the aorta is not difficult. The running mattress 
suture Used here (Fig. 1) was entirely satisfactory. This is the same stitch 
as that used b}^ Gross-'’ in re-establishing the continuity of the aorta after excis- 
ing the area of coarctation. One might believe that the success of such a closure 
would depend on the condition of the aortjc wall and, in the presence of athero- 
matous changes, be inclined to reinforce the suture line with fibrin foam, oxycel 
etc., supported by an encircling cuff of chromic catgut as described by Jenkins.'”’ 
Fascia as a reinforcing material might be considered, since an adequate supply 
would be available from either the anterior or posterior rectus sheath. How- 
ever, in the cases reviewed b}' McClure and Harkins,^ there was no instance of 
secondary hemorrhage as the cause of death. 

As in other blood vessel surgery, the increasing number of successes is, to a 
large degree, due to the use of anticoagulants. Since the vessels of the lower 
extremities are the most likel}' places for the occurrence of postoperative throm- 
bosis, heparin may be injected directly through the suture line in the aorta and 
be carried immediately into the vessels of the legs. It can also be given in the 
form of continuous intravenous drip, but the cardiac status of these patients 
warrants caution in determining the amount of fluid to be given this way and 
in its rate of administration. More recently, heparin has become available in a 
vehicle designed to permit slow absorption which, if effective, may simplify 
matters. As soon as the stomach is retentive, the administration of dicoumarol 
may be started. When the prothrombin activity has been sufficiently depressed, 
heparin ma)^ be discontinued. 

Other postoperative measures of importance are attempts to dilate the 
vessels of the extremities either by interruption of the sympathetic fibers or by 
mechanical means, such as the use of intermittent venous occlusion or the 
alternating 'positive and negative pressure (Paevex). In the case reported 
herein, it seemed much more simple to administer a spinal anesthetic in order 
to provide vasodilatation bilaterally than to subject tbe patient to bilateral 
sympathetic blocks. One of the longer-acting agents (pontocaine) was used 
without untoward incident. 

CONCLUSION 

A case of successful removal of a saddle embolus of the aorta is reported. 
From a review of the available literature, it appears to be the 22nd case of 
this kind. Some general points in the etiology, diagnosis and management are 
discussed. 
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The requirements of the burned patient for sodium in therapy has 
been a subject of investigation and controversy in recent years. One aspect 
of this problem has turned on the question of whether or not there is a 
“selective” or “excessive” need for sodium in therapy. By this has been meant 
a need for sodium over and above that required to satisfy extra-cellular re- 
quirements; a need larger than that whicli could be satisfied by sodium in 
isotonic concentrations. 

There are two mechanisms which might conceivably operate to produce 
such an excessive need for sodium. One would be the presence of sodium in 
increased concentration in the edema fluid of the burn, the other its presence 
in high concentration in the intracellular water. There is no evidence that the 
former exists; what knowledge we have of the burned capillary would in- 
dicate that burn edema fluid is in ionic equilibrium with other extracellular 
fluids. If the viable capillary allows Na and Cl to remain at essentially the 
same concentration on its two sides, there is little reason to postulate that the 
damaged capillary of the burn would be able to do the osmotic work required 
to bring about a concentration gradient. 

Analyses of whole burned limbs^ or observations on human patients given 
radiosodium^' ® do not yield data on selective sodium loss into the burn, since 
the increased tissue water in the area of the burn® would yield increases in 
apparent sodium volume and turnover even though concentration were not 
increased ; the need thereby imposed could be met by the administration of 
isotonic sodium solutions. 

In contrast to this extracellular isotonicity, the situation in the cell may be 
quite different. With sodium present in only small quantities normally, its in- 
gress in increased amount — possibly in exchange for normal intracellular 
cations such as potassium or magnesium — could, theoretically at least, place 
a severe demand on body sodium resources, a demand which would not be met 
by isotonic sodium because, in exchanging for K, the sodium could move into 
the cell without a net water transfer^. 

For this reason we have sought to investigate the histochemical changes 
in burned skin. Skin was chosen because of its obvious relation to the trauma, 

* The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and Harvard University. 

t This study tvas also aided by a grant from the Josiah Macy, Jr, Foundation. 

t Submitted for publication, February 1948. 
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and its acccssability for study. Because of the nonnally small intracellular 
phase of skin it is a tissue unlikely to show quantitatively large cation 
transfer in response to trauma. 

Electrolyte metabolism, as viewed in the burned patient as a total organ- 
ism, is described in other investigations from this laboratory.^* ^ ‘Amongst 
other salient points the observation was made that the exudate loss of sodium 
often exceeded many times that of other routes of excretion.^ Because of this 
permeation of sodium ion (apd to a lesser degree chloride) through the 
burned tissue, the chemical composition of the burned tissue itself acquires 
additional importance. 

METHODS 

1. Clinkal. Ten patients were selected, with both deep and superficial 
burns. Skin was removed for study under varying conditions. In deep full 
thickness bums generous j^ortions of .skin may be removed without anesthesia 
since the burn has destroyed the sensory nerve-endings; in some instances 
pentothal anesthesia was used, in others local anesthesia, care being taken to 
avoid introducing water directly into the portion to be studied. In two ex- 
tensively burned patients who died within ten days of their injury the skin 
was removed immediately post mortem. 

Unburned skin was also removed from burned patients for study, em- 
ploying areas contralaterally symmetrical to the burn, so as to obtain skin of 
like thickness and histologic composition for comparison with burned tissue. 

Skin was removed from healthy, unburned persons for control observations. 

If radiosodium (Na-’) studies were to be made, the Na^^ was injected as 
isotonic saline (0.5 to 0.75 me. in 10-30 cc.) from one to five hours prior to 
the biopsy.* It was considered important to take the skin samples soon after 
radiosodium injection so as to bring out any differences in sodium exchange. 
If such a diffusible ion as Na is allowed to achieve physical (isotopic) 
equilibrium for 12 hours or more, acute differences in rate of uptake will 
not be demonstrated. In 12 to 24 hours equilibrium specific activity ratios 
(Na^^/Na”^) will have been reached throughout most of the tissues, and 
minor permeability changes will not become apparent.^' 

2. Analyses. Immediately after removal from the patient the skin 
was mechanically freed of subcutaneous fat and weighed in portions 0.5-1. 5 
grams m size. Two, three or four such samples were prepared from each 
site, placed in a porcelain ashing capsule and ashed at a temperature safely 
below the volatilization point of sodium. f 

^ •'Radioactive sodium (Na^^) was prepared by the deuteron bombardment of metallic 
sodium at the Massachusetts Institute of Technology cyclotron. This sodium metal was 
then hydrated and neutralized, the resultant Na^"* Cl being used for injection in patients 
after suitable sterilization by autoclaving. 

I Control observations indicated the greater accuracy and reproducibility of this 
teclinic as compared with wet ashing methods, or nitric acid extract. 
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The radioactivity determinations were then carried out on this dry ash 
of skin, in the ashing capsule, means of a Lauritsen quartz-fiber electroscope. 
Appropriate corrections for decay and self-absorption were made prior to 
calculation of the results. 

3. Water and Salt Analyses. After radioactivity analysis the dry ash 
of skin was quantitatively transferred to glass and analyzed for Na^® by the 
method of Butler and Tuthill.’^ In a few cases chloride analyses were carried 
out, using the method of Wilson and Ball on a solution made of the dry ash.® 

Duplicate tissue samples, after weighing, were taken to dryness at 90°C 
and then re-weighed to determine water content. These were then ashed 
and analyzed for sodium and chloride to corroborate the observations obtained 
from the samples used for Na'^ determinations. 

Much histochemical work, especially that based on analyses of muscle and 
viscera, is expressed on a fat-free basis. This is because of the fact that deposits 
of neutral fat add a variable weight increment which is relatively free of water- 
soluble constituents. The fat-free results therefore exhibit a lesser standard 
deviation from the mean and are more acceptable statistically. Skin, considered 
as dermis and epidermis only, contains relatively little neutral fat in fat cells ; 
vigorous defatting procedures doubtless remove intracellular lipoid-soluble 
material and squamous epithelium whose presence is necessary to the adequate 
description of the tissue. For these reasons and the fact that defatting skin (as 
opposed to other tissues) does not readily bring the tissue to constant weight, 
we have avoided defatting procedures in these studies. This results in a lower 
electrolyte content per unit skin by weight than one finds in “fat-free” skin. 

4. Calculations. Na-"*, Na-®, chloride and water were calculated in re- 
lation to the weight of wet tissue (e.g. niE per Kg. wet tissue) and to the 
weight of tissue water (e.g. mE per Kg. tissue water). The calculations of 
extracellular space based on sodium and chloride concentrations were carried 
out by the formulas of Hastings and his group.’’ Other figures, derived from 
these fundamental calculations, will be described below. 

Observations 

1. SODIUM CONTENT IN TERMS OF TISSUE WEIGHT 

a. Normal Skin of Unhnrned Patients. In Table I is shown the sodium 
content of the normal skin of unburned patients. The mean sodium content 
in 21 such specimens was 74.0 mE per Kg. of wet tissue. Standard deviations* 
represent about 10 per cent of the mean. These values run consistently lower 
than those reported by other workers who subjected the skin to a fat-freeing 
process. The work of Manei'y and Hastings based on fat-containing tissue 
in the rabliit is in the same order of magnitude as our results.^- 

h. Unhnrned Skin of Burned Patients. In Table H is shown the sodium 
content of the unburned skin of burned patients which appears to average 
about 10 inE/Kg. of wet tissue higher than the normal skin of unburned 
patients. This may be traceable to parenteral saline administered though it is 
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Table I. — Sodiitw Content of Normal Shin. 

niE(i/Kg. Wet Tissue 

NORMAL vSKIN OF UNIUTRxNED PATIENTS 



No. of 


Standard 


.Sample'. 

.Mean 

Deviation 

Pt. Mo 

10 

78. 8f. 

±4 51 

Pt. McC 

7 

66.8 

± 6.96 

Ft. Me 

1 

65.2 


Pt. A 

3 

78.0 

± 7.15 

Tot.ll 

21 





74.0 (Average 

of all Samples) 

Eiselc & EicIiclherRcr (10) 

18 

9.1.0 

±8.0 (F.it-free) 

Eiclicll)erfrcr ct .il (ilos) (11)... 


96.5 

±4.2 ( “ “ ) 

Mancry &• Hastings (tabhil) (12) 

. . 

79.6 



Case 

Number 

254 

229 

Table IL — Sodium Content of Shin. 
niEq/Kg. Wet Tissue 

UNIIURNED SKIN OF BURNED PATIENTS 

No. of 

Samples Mean 

3 72.0 

. 3 76.6 

Standard 
Deviation 
± 3.87 

5.17 

231 

0 

79.1 


± .01 

217 

'7 

82.75 


± 2.75 

234 


88.3 


±2.5 

210 

1 

88.6 



240 


89.6 


-t- 7.95 

225 

6 

96.0 


± 5.56 

Total 

23 




85.5 

(Average of all Samples) 

Case 

Number 

217 

FULL THICKNESS 

BURNED SKIN 

No. of Standard 

Samples Mean Deviation 

1 80 3 

PARTIAL THICKNESS 
BURNED SKIN 

No. of 

Samples Mean 

234 

4 81 7 6 67 




240 

n 1 r. 



86.0 

254 

4 07 *: -*- ? ?R 



229 

.1 Qc; R 


4 

82.2 

210 .... 

. . . . OR 1 4 ^^4 



231 

.3 qq 6 4 0.1 


3 

82.0 

225 

4 117 9 9 Qe; 


2 

103.0 

Total . . 

94.5 (Average of all Samples) 

12 

89.0 


of interest that some of the higher sodium contents were observed in patients 
who, because of the limited extent of their burns, received very little (or no) 
parenteral therapy. 

c. Burned Skin of Burned Patients. In Table II are also shown values 
obtained from the burned skin of these same patients ; an elevation of sodium 
content amounting to about 10 mE/Kg. of wet tissue as compared to the 
unburned skin is observed. 

The burned skin from superficial (partial thickness) burns shows distinctl)'^ 
less increment. 
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The sodium content of full thickness burned skin shows more variation 
than the other data, for reasons to be described below. 

d. Sodium Ratios in Burned Skin. Although the arithmetic mean of 
sodium content in burned skin is higher than that of unburned skin in the 
same patients, a more significant calculation is the ratio of sodium content 
in burned skin to that of contralateral unbumed skin in the same patient. 

Such findings are summarized in Table III. It will be seen that of these 
ten patients with deep burns, six showed a significant increase in sodium con- 


Table III. — Sodium Ratios. 


Burned Skin Burned Skin 

Case Mean Sodium Content Full Thickness Partial Thickness 


Number Unbumed Skin Unbumed Skin 

234 0.93 

240 0.96 0.96 

217 0.97 

196a 1.09 

210 1.11 

22S 1.20 1.07 

229 1.2S 1.07 

231 1.26 

254 1.28 

205 1.30 1.04 

Mean of Series 1.14 


Values between 0.90 and 1.10 — No Significant Change 
Mean of Ratios Showing Significant Change 1.23 


Table IV. — Wafer Content of Skin. 
Gm./Kg. Wet Tissue 
NORMALS 


Eisele & Eichelberger (10) 

Range 

677 - 756 

Mean 

717.7 

Standard 

Deviation 

±20.1 

Eichelberger et al (dog) 

(11) 


708.3 

±20.1 

Manery & Hastings (rabbit) (12).. 

670 - 694 

682.0 / 

± 12.0 

Massachusetts General 

Hospital .... 

578 - 678 

630.0 

±32.6 

Case 

BURNED PATIENTS 

Full Thickness 

Full 

Thickness Burn 

Partial 
Thickness Bu 

Number 

Burn 

Unbumed 

Unbumed 

Unbumed 

(A) Under 3 days after burn 
240 

675 

680 

0.99 

1.01 ' 

254 

660 

630 

1.05 


225 

790 

730 

1.08 

0.98 

229 

758 

659 

1.15 

1.12 


217 844 

196a 693 


704 

581 


1.20 

1.20 


Average of Ratios under 3 days 1.11 

(B) Over 3 days after burn 


210 707 754 0.80 

205 640 720 0.88 

234 661 739 0.89 

231 622 671 0.92 


Average of Ratios over 3 days 0.87 
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tent. The whole series taken together showed a mean increase in sodium 
content of 14 per cent and those showing an}’- increase at all showed an average 
increase of 23 per cent in the amount of sodium present. These same ratios 
for partial thickness burned skin are very close to unity, indicating no signifi- 
cant increase in the sodium content of superficially burned skin. 

2. SODIUM CONTENT IN TERMS OF TISSUE WATER 

If the burned tissue were simply edematous from collections of extracellular 
water, an increase in tissue water commensurate with the sodium increment 
should be observed ; under such circumstances one would predict little or no 
alteration in sodium content expressed relative to tissue water rather than 
tissue weight. 

Table IV and Table V contain data relative to this point. The water con- 
tent of the skin observed in this series (Table IV) is somewhat lower than 
that found by Eiselc and Eichclberger in normal skin which, as mentioned 


Tahi.e V . — Sodium Ratios in Tissue JVatcr. 
niEq/Kg. Tissue H2O 


Case r^fc.nn Sodium 

Content Tissue H:0 

Burned Skin 
Full Thickness 

Burned Skin 
Partial Thickness 

Number 


Unburned Skin 

Unburned Skin 

196 

0.7S 



217 

0.80 



240 

0.98 


0.95 

225 

I.OO* 


0.86 

234 

1.02 



229 

1.13’ 


0.95 

210 

1.17' 



254 

1.22* 



231 

1.38* 


1.02 

205 

1.46* 



Mean of Scries 

1.09 



(mEq/Kg. Wet Tissue) . . 

1.14 



Mean of Increases 

1.27 



(mEq/Kg. Wet Tissue) . . 

1.23 




Values between 0.90 and 1.10 — No Significant Change 

* Indicates patients showing significant increase in sodium content mEq/Kg. wet tissue 


before, has been subjected to a fat-freeing process. It will be noted that in the 
fresh full thickness burns (less than three days duration) there is an increase 
m water content (as compared with the unburned tissue) amounting to 11 
per cent. There are too few observations on partial thickness burns to be sig- 
nificant, In burns which occurred more than three days before the study was 
made, the ratios are consistently below 1.0 and show approximately a 13 per 
cent decrease in water content. 

These figures indicate that freshly burned skin is in a state of water col- 
lection probably correlated with changes in capillary and cell permeability ; this 
acute situation yields later to dehydration presumably due to loss from the sur- 
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Table VI. — Radtosodtuin Uptake of Skin. 
Specific Activity = Units of Radioactivitj 

mEq, of Sodium 


Case Specific Activit 3 

Number Full Thickness Burn 

(A) Under 3 days after burn 

196a 3.03 

229 4.73 

217 4.87 

240 9.S2 

225 1.10 

(B) Over 3 days after burn 

205 4.47 

210 4.45 

196b 5.14 


Specific 

Full Thickness 

Partial Thickness 

Activitj 

Burn 

Burn 

Unburned 

Unburned 

Unbumed 

3.62 

0.84 


4.55 

1.04 


4.49 

1.08 

1.06 

8.25 

1.14 

1.03 

3.55 

0.31 

1.02 

8.23 

0.54 


7.2? 

0.61 


5.57 

0.92 



face by absorption into the dressing and evaporation into the air, resulting in a 
progressive desiccation of the full thickness burn. 

When these data on water content are taken into consideration with the 
sodium content, as shown in Table V, we find that the sodium content (in 
terms of the weight of tissue water) is normal or increased in eight out of ten 
full thickness burns. Were the increase in sodium content to be due solely to 
changes in water content, we would find little or no increase in this figure. 
The data indicate that when the sodium concentration is expressed in terms of 
tissue water there is a greater spread than when sodium is referred to tissue 
weight, and the ratios (of burned to unburned skin) show more departure 
from unity. This suggests that in some of the cases, sodium may be moving 
independent of water transfer, whereas in others (cf. Table IV) the differential 
sodium accumulation is due largely to water loss. 

In Table V, the entire series shows a nine per cent increase of sodium 
content when expressed in relation to the water content of the tissue. In the 
five cases showing increases, the average is a 27 per cent increase in sodium 
content as expressed relative to tissue water. It is of interest that these are the 
same five patients who showed an increase in sodium content when expressed 
in terms of wet tissue weight. Stated otherwise, when one measures the sodium 
content and expresses it solely as a function of the total tissue, one finds that 
there is an increase in sodium content. When this sodium concentration is 
expressed in terms of the amount of tissue water present, we find that the 
sodium increase is even more marked, pointing up the fact that the sodium 
is moving into the tissue in larger quantity than one would predict from the 
water content alone. 

In summary, these data indicate that in the early phase after the burn, both 
sodium and water are moving into the skin. As the duration of the burn 
progresses past three days, and approaches a week, the tissue becomes increas- 
ingly dehydrated. The sodium that has entered the skin is probably not dis- 
charged as rapidly because evaporative water loss leaves the inorganic ions 
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behind. Therefore, as llie skin becomes dehydrated, the sodium content rela- 
tive to tlie total tissue water progressively increases. 

3. SODIUM EXCHANGE 

We now turn to a consideration of the exchange of sodium into the skin 
from the general circulation. This stud}' was carried out by the use of radio- 
active sodium injected a few hours prior to the taking of the tissue samples, 
as described under “Methods”. 

Under these circumstances, sodium exchange may be studied by comparing 
the specific activit}' ratios, (Na-yNa-^), of burned to normal skin. If radio- 
sodium alone is determined the results are relatively meaningless as an in- 
creased content of Na-"^ may signify only the presence of more total Na^^ 
(under equilibrium conditions), rather than any increased rate of uptake. 

If the specific activity (amount of radioactive sodium per unit of total 
sodium) of the burned tissue is equal to that of the plasma or the unburned 
tissue, we may assume that equilibration has taken place and that exchange 
is complete at the time of sampling. We find in the fresh burns (Table VI), 
with one exception, tliat this excliange is complete ; in one or two of the cases 
there is a tendency for a, specific activity higher than unburned skin to be 
observed. The freshly burned tissue may take up sodium so rapidly that when 
it is sampled a few hours after the injection of the radiosodium, it still shows 
the high specific activities found in plasma a few minutes after injection, but 
which have been reduced in the plasma as the sodium equilibrated into other 
untraumatized tissues. This might be the explanation, for instance,' of the 
specific activity ratio (burned/unburned' skin); of 1.14 in patient 240. 

Patient 225, (Table VI), showed, though only three days after the burn, 
practically no radiosodium uptake. This interesting and unusual finding was 
correlated with the fact that this was a dry Hame burn- resembling a “char” 
which doubtless lost its contact with the general circulation much earlier than 
the other full thickness burns. 

From Table VI it is clear that those burns which are studied more than 
three days after burning tend to show a reduction in radiosodium uptake. This 
is evidence that the burn has lost contact with the general circulation and 
cannot enter into physical equilibrium with Na”^. Sodium ion is so readily 
diffusable that if there is any circulatory association whatever between the 
skin and the plasma, the tissue will rapidly take up the isotope and exchange 
it for its stable sodium. When this exchange does not take place, it is excellent 
evidence that the tissue is no longer in contact with the circulation. 

4. HISTOCHEMICAL SODIUM SPACE 

Table VII shows a series of calculations of the extracellular space of burned 
skin as based on the sodium and chloride content. This calculation is patterned 
after that developed by Hastings*^ and simply represents the amount of water 
in the tissue which contains sodium at the same concentration that it is found 
m plasma (when corrected for the Gibbs-Donnan effect and the variable water 
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Table VII. — “Extracclluhr .Space” of Burned Skin. 

As Per cent of Total Tissue Water 
Concentration of (x) in wet tissue 100 

E„ = X 

Concentration of (sy) in extracellular water Total tissue water 
Concentration of (x) in extracellular water = (x) in plasma adjusted for H 2 O 
content of plasma and extracellular water; corrected for Gibbs-Donnan effect. 


ENaFulI ENa Partial EClFull E Cl Partial 

Case Thickness Thickness Thickness Thickness 


Number ENa Unburned ENa Unburned ECl Unburned EClUnbunied 

A) Under 3 days after burn 

196a 0.83 

254 0.86 1.29 

240 0.97 0.94 1.37 1.29 

229 1.09 0.96 1.08 0.87 

225 1.18 0.97 1.47 

0.98= Mean 1.30 = Mean 

B) Over 3 days after burn 

234 1.10 0.81 

210 1.18 1.10 

231 1.39 1.02 1.29 1.20 

205 1.53 


1.30 = Mean 1.00 = Mean 

Ena was found to be 100% of total tissue water in 6 out of 9 full thickness burns. 
Eel was found to be 100% of total tissue water in 4 out of 6 full thickness burns. 


content of plasma and extracellular fluid). This space we called the “Ena.” 
A better term for it possibly is the “histochemical sodium space” emphasiz- 
ing the fact that it is a tissue measurement of the sodium space made on 
exactly the same principle that the total radiosodium space is measured in the 
living patient by studying plasma concentration with relation to injected dose. 

If the histochemical sodium space of a full thickness burn (expressed as 
per cent of tissue water) is the same as the Histochemical sodium space of an 
unburned area of skin from the same patient, one may reasonably assume that 
the sodium in the burned tissue is still extracellular to the same extent that it is 
in the unburned tissue. If the histochemical sodium space of a full thickness 
burn were significantly larger than that of the unburned tissue, one would be 
forced to conclude either that the extracellular space in the burned tissue was 
much larger than that of the unburned tissue or that some of the sodium had 
moved into the cell. If, as a third possibility, the data indicated that the histo- 
chemical sodium space approximated 100 per cent of the measured tissue water, 
one would be forced to the conclusion that sodium had moved into the cells. 

In five burns measured under three days after the burn (Table VII), the 
histochemical sodium space was almost exactly that of the unburned tissue 
with a mean value for this ratio of 0.98. 

After three days, the liistochemical sodium space has become expanded and 
represents approximately a 30 per cent increase over the Ena for normal 
tissue. In six out of nine of these patients the Ena was equal to 100 per cent 
of the total tissue water, evidence that sodium has moved into the cell. 
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This evidence concerning changes in the histochemical sodium space con- 
stitutes a chemical demonstration of die fact that full thickness burned tissue, 
after tlie third da}*, is dead (issue thougli still attaclied to the organism. Such 
skin is not exchanging ions Avith the body fluids of the patient; the normal 
property of the cell membrane Avhich permits it to exclude sodium from the 
cellular fluids has heen lost, with the result that sodium equilibrates evenly 
thrnughnut the total tissue water. 

5. PROTOCOI^S OK TWO PATIENTS 

Detailed consideration of two patients, the first a fresh deep burn in the 
fluid- and sodium-exchange phase, and the second a burn 48 hours after trauma, 


T.mili: VI 11. — Proloco} of Patient 240 

A 5-year-olcl male cliild, flame burn of right lower leg from fire in clothing. Excised 4}4° 
after burn, 1° 4.S' after Na-‘ injection. Control skin taken from left thigh. No systemic 
fluid therapy. Burn "parchmcnt-like,” little edema, clinicall}' clean. Bacteriology Staph, 
albii.'! and Alpha strep. On penicillin. 

P.-irtial Thickness Full Thickness 
Normal Skin Iliirn Burn Plasma 


lEO (Rin/KG.) CSO 682 675 935 

Xa=< (u/Kk.) 737 735 817 1100 

Na (mEq/KR.) 89.6 86.0 86.0 132.6 

Specific Activity 8.25 8.55 9.52 8.30 

Cl (mEq/KR.) 45.0 61.2 57.5 101.5 

Ena (^0 Tot. H:0) 93 87 90 


Eel (<Po Tot. H:0) 61 79 84 


in the “dr3'-dead” phase, may help in an understanding of tlie manner in which 
these data are derived. 

In Table VIII (patient 240) are shown the data relative to a full thickness 
burn in a young child Avho received his radiosodium injection almost immedi- 
a.tel 3 f upon arrival at the hospital and who was brought to the hospital very 
soon after his burn. It was possible to obtain a tissue sample only four and 
one-half hours after the burn ivhich, in turn, rvas only one hour and 45 minutes 
after the injection of radiosodium. This permitted us to make an observation 
very early in the natural histor 3 '’ of the histochemical changes of burned skin. 

We find many features characteristic of the early burn. In the first place, 
the water content of the skin is unchanged. This is to be expected since there 
has been only a short time in Avhich water content could be increased, there 
has been little opportunity for the development of edema. Radiosodium up- 
take, on the other hand, is increased over normal. This is a very delicate 
measurement of water and sodium exchange and it is apparent that at the time 
the skin was sampled, it was beginning to demonstrate increased rate of ex- 
change with body fluids as compared with the exchange between normal skin 
and body fluids. The total sodium content is little changed, again because 
there has not been time for the accumulation of more total sodium. 

The specific activity of the sodium present in this skin is increased about 
10 per cent over that of plasma and the other tissues. The explanation of this, 
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as mentioned before, is to be found in the fact that the specific activity in this 
skin reflects the high specific activities of plasma an hour or so prior to the 
time the skin was sampled, at a time when skin was exchanging very rapidly 
with plasma. Chloride content is somewhat increased, but the Ena and Eel 
are not- 100 per cent of the total tissue water. They are instead indicative of 
an extracellular space about normal for skin. 

The histochemical description of the skin of this burned child may be sum- 
marized by stating that it is a fresh burn which is still in contact with the cir- 


Table IX . — Protocol of Patient 225 ■ 

A 54-year-old female ; epileptic, burned on upper arm by flame during seizure ; no systemic 
fluid therapy. Excised 48 hours later, 1° 20' after Na-^ injection. Skin “dead white,’’ con- 
siderable edema, clinically clean. Bacteriology Staph, aureus and Staph, albus. No pre-op. 
penicillin. Control skin from opposite arm same level. 

Partial Thickness Full Thickness 
Normal Skin Burn Burn Plasma 


H 2 O (gra/Kg.) 730 810 790 935 

Na®* (u/Kg.) 335 373 121 481 

Na (mEq/Kg.) 96 103 117 135 

Specific Activity 3.55 3.64 1.10 3.57 

Cl _(mEq/Kg.) 64.0 91.7 108.0 

Ena (% Tot. H 2 O) 91.3 88.6 100.8 

Eel (% Tot. H 2 O) 72.0 108.0 


culation, it is exchanging sodium, and presumably chloride, more rapidly 
than is- the normal skin in the same patient; there has not yet elapsed 
enough time since the burn for either water or total sodium to accumulate in 
the tissue and, lastly, that sodium and chloride are still confining themselves 
to the extracellular phase of the tissue and have not moved into the cell. 

In contrast are the data on patient 225 (Table IX), the patient previously 
mentioned in whom a full thickness burn was associated with very little radio- 
sodium uptake at 48 hours. It will be noted that this burn, excised 48 hours 
after the trauma, showed some increase in water content, a finding which prob- 
ably was traceable to the fact that in the first 24 hours after the burn the skin 
was capable of accumulating measurable edema. The radiosodium uptake, on 
the other hand, is greatly diminished, as compared with normal skin or partial 
thickness burned skin taken from the same patient. The total sodium content 
in terms of mEq/Kg. of total tissue (wet weight) shows an increase over the 
normal skin. Again this is to be interpreted as evidence of the fact that some- 
time during the 48 hours which preceded radiosodium injection and excision, 
this skin had taken up both water and sodium in greater quantities than the 
normal skin in the same patient. The specific activity of the sodium in this 
burned skin (the ratio of Na^^ to Na^®) is therefore less than that observed 
in normal skin from the same patient, by 30 per cent. It is also of interest that 
the specific activity of the normal skin, the partial thickness burned skin, and 
the plasma in this patient are all in equilibrium by the time of biopsy. Since 
these figures for specific activity (Na'VNa”^) are derived from measures both 
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of radioactivity and total sodium in the tissue, they constitute a check on the 
accuracy of the methods. The specific activity ratios for these various normal 
tissues should come to unity with a readily diffusable ion one hour and twenty 
minutes after injection, as the observed values indicate. 

The chloride content of this full thickness burned skin was increased. The 
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Chart I. — Diagrammatic representation of the relative intracellular 
and extracellular phases of various tissues. The extracellular phase is 
indicated by the letter “E/’ the intracellular phase by the letter “C.” The 
rabbit data are those investigated by Hastings, et ah, the human data are 
those reported herein (“M(}H”) and by Eisele and Eichelberger (“E&E”). 


lina and Eel both were increased and in the full thickness burned skin rep- 
resented approximate^ 100 per cent of the total tissue water. 

The data, then, allow us to characterize the burned skin from this patient 
as being skin which, sometime in its first 48 hours, took up water, sodium, and 
chloride but which, since that time, has lost its contact with the general circu- 
lation so that it is no longer exchanging ions with the plasma. The sodium 
and chloride in the skin have moved into the cell at essentially the same con- 
centration at which they are found in the extracellular fluid. 

DISCUSSION 

An examination of histochemical concepts as applied to skin will aid us in 
an understanding of these data as well as .the significance of possible sodium- 
potassium exchange in the cells of muscle after trauma. It must be emphasized 
that the great soft tissue mass of the body consists of striated muscle and that 
the skeletal muscles contain more protoplasmic protein than any other single 
tissue. When muscle, liver, kidney, lungs and heart are considered together, 
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NORMAL HUMAN SKIN 
^ Adapted from Eisele a Eichelberger) 
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Chart II. — Histochemical diagram of normal human skin. In this 
and the subsequent three charts, the horizontal coordinate is drawn in 
proportion to the weight of wet tissue, the vertical coordinate represent- 
ing the concentration of solutes in tissue water. The symbol “Ej” indi- 
cates extracellular tissue whereas the symbol “I” represents intracellular 
tissue. The relative concentration of anions and cations is shown in the 
two open columns within each tissue phase. The designation of the co- 
ordinates is such that the area within a subcompartment of the diagram 
is roughly proportional to the total weight of solutes present. indicates 
organic anions. The cross-hatched area represents non-ionized solids; in 
the case of extracellular tissue, this is largely collagen, elastin and other 
connective tissues and, in the intracellular phase, structure proteins. 

Beneath the chart are shown some calculations of the quantities of 
water and solutes present. “(H=0)E(NA)” indicates the volume of extra- 
cellular water found bv sodium analysis; “_(H=0)E(C1)” the same entity 
by chloride analysis. (“H-O’C” represents intracellular water (by differ- 
ence). “C.T.” signifies connective tissue. These data are derived from the 
work of Eisele and Eichelberger. 

one has accounted for 95 per cent of the protein-containing cellular tissues of 
the body. No matter what their order of magnitude, it would be unlikely that 
histochemical changes in skin alone would be responsible for more than minor 
shifts of water and electrolyte, in terms of the total organism. 
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NORMAL SKELETAL MUSCLE 
{HASTINGS, el al.) 
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Chart III. — ^Histochemical diagram of normal skeletal muscle (Hast- 
ings). The method of depiction and the S3ntnbols used are the same as 
in Chart II. “P-” represents the equivalence of protein as anion. 

An additional consideration has to do with the relative extracellular and 
intracellular compartments of skin as contrasted with other tissues of the body. 
In Chart I is shown a series of columns representing the division between 
extracellular and intracellular phases of tissues based on the determinations 
of Hastings/® and to this has been added the data on skin from our laboratory 
and from the work of Eisele and Eichelberger.^® It will be seen from reference 
to this diagram that in skin the extracellular space dominates the tissue and 
that only a small compartment is within the cell. Histologic examination of 
dermis and epidermis, of course, corroborates this chemical determination in 
that the cellular layer is only 30 to' 80 micra thick whereas the whole dermis may 
extend for four or five times that depth, the dermis being relatively cell-free. 
The calculations of extracellular space shown in Chart I are based on chloride 
and sodium analyses. It will be observed that muscle, liver and heart are all 
highly cellular tissues, quite removed from skin in their composition. There 
aie few tissues of the body which contain less cellular material than skin and 
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these include such tissues as tendon- and cartilage, tissues which are also rela- 
tively rich in sodium. Therefore, if one is considering exchange of ions between 
the cell and the extracellular compartment, it is quite apparent that muscle, 
liver or heart are much more capable of producing massive shifts of this variety 
than skin or other tissues low in cellular content. 

.In Chart II is shown a more detailed diagram of normal human skin based 
upon the data, from Eisele and Eichelberger,^® who made determinations of 
total connective 6ssue volume, which were not made in our series. It is again 
quite evident thdt-.pver 80 per cent of the tissue is extracellular and that the 
sodium concentration is quite high in the tissue as a whole. Therefore, release 

BURNED HUMAN SKIN (S®)’ 

- i'.v:'-. (Adopted from M.GH. results) 
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Chart IV. — Histochemical diagram of burned human skin. This chart 
is based on work reported herein; the chemical structure is still frag- 
• mentary. We have little evidence as to changes in intracellular anions. 
Sodium-potassium exchange is minimal despite the (relatively) great 
change in intracellular sodium. 

of potassium from the cell or loss of sodium into the cell will inevitably be of 
minor importance relative to the organism as a whole. 

In contrast to this is shown in Chart III an histochemical diagram of 
normal skeletal muscle. It is apparent that the tissue is over 80 per cent intra- 
cellular and that there is maximal opportunity for sodium-potassium exchange. 

In Chart IV is shown a diagram of what might ensue in burned human 
skin were sodium and potassium to exchange in such a way that the intra- 
cellular sodium concentration were the same as that in the extracellular fluids. 
It is of interest that this theoretical calculation, (based on data from Eisele and 
Eichelberger,^® and from Hastings^^) indicates that skin would permit an 
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approximately 15 per cent increase in sodium content computed on the basis 
of total wet tissue. This is the same magnitude we have observed following 
burns, constituting another indirect evidence that the sodium shifts described 
in burned patients probably indicate the entrance of sodium into cells. 

On the basis of the quantities shown in Chart IV, one may carry out 
approximate calculations indicating the deficit this “sodium loss into the cell” 
would create in the bod}^ as a whole if skin alone were involved. In a 70-kg 
man of average height and assuming a 50 per cent burn, approximately four 
and one-half kilograms of skin would be burned as a maximum. This would 
impose a sodium deficit on the patient of only 35 mEq, which could be sup- 


TRAUMATIZED SKELETAL MUSCLE 
(Adapted from Monery a Solandf) 



_ Chart V. — Histochemical diagram of traumatized skeletal muscle. 

This is based on the work of Manery and Solandt; the mass of sodium 
and potassium exchanged is very large, due to the relatively large size of . 
the intracellular compartment. 

plied by only 450 cc. of normal sodium solution, an amout which is approxi- 
mately One-twentieth of that usually required in the first 24 hours of a burned 
patient’s treatment. 

The potassium release from this skin would theoretically total 35 mEq, and 
with an extracellular volume of 20 liters, this would increase the potassium 
concentration only 1.9 mEq/L, assuming that there is no excretion.* 

In contrast to this situation, in Chart V are shown the chemical events 
which would ensue were 10 Kg. of muscle mass to be so traumatized that 

* The excretion is, in fact, increased during such situations and potassium concentra- 
tion in the plasma has not been observed as significantly increased in our experience 
with burned patients. 
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sodium-potassium exchange could occur. Such an event might consist of 
ti'auma involving ischemia to the muscle, or some such injury as a crush. One 
may calculate the potential sodium-potassium exchange involved in such muscle 
trauma ; the changes would present the bod)' with a sodium deficit of about 640 
mEq which would require almost five liters of normal saline to satisfy, and 
the potassium release would be so massive as to increase the potassium concen-- - - 
tration to toxic levels (15 mEq/L or higher), providing renal function did 
not take care of this excess. 

SUMMARY AND CONCLUSIONS 

1. The histochemical changes in burned human skin are described. 

2. The established histochemistry of skin and muscle are contrasted with 
respect to their potential for cation transfer. 

3. From these data, observed and. calculated, we may conclude that, follow- 
ing burns, the entrance of sodium into skin cells is evidence of cell death ; it is 
an alteration in tissue chemistry of great local significance. From the viewpoint 
of the total organism, however, such alterations impose little sodium deficit 
and no discernible potassium excess. 

4. Were similar changes to occur in skeletal muscle, massive electrolyte 
transfer would seriously alter the chemical composition of both intracellular 
and extracellular fluid, and endanger survival. 
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POLYPOID ADENOMATOSIS OF THE ENTIRE 
GASTRO-INTESTINAL TRACT 
Mark M. Ravitch, M.D, 

Baltimore, Md. 

FROM THE DEPARTMENT OF SURGERY OF THE JOHNS HOPKINS MEDICAL SCHOOL AND HOSPITAL 

The child whose history is the basis of this report presented a remark- 
ably interesting and confusing clinical picture which was finally elucidated 
only by autopsjL 

Case 1. — R. T., A-44010. The patient was a white male infant, first admitted to the 
Harriet Lane Home in October 1945 at the age of 10 months. He had been born by 
breech deliver}' after a difficult labor and had been cyanotic for the first four days of life. 
From birth he had suffered from diarrhea with numerous large, foul stools — up to 
twelve daily. Despite a good apjietitc and ample food intake he failed to gain weight, and 
it was observed that food passed unchanged in the feces. He had coughed almost from 
birth and at the age of nine months had been treated elsewhere for “bronchopneumonia.” 
In the succeeding month he had lost five pounds in weight and had become weak and pale. 

On physical examination the child presented a picture of advanced malnutrition and 
cachexia. He was pale, weak and lethargic, and coughed frequently. He weighed only 
7500 Gin., had onl}' 2 teeth, could not walk, crawl, or sit up, and was scarcely able 
to hold up his head. There were generalized inspiratory rales and the liver and spleen 
were enlarged. It was thought, with the diarrhea, malnutrition, and chronic pulmonary 
disease, that the child had cystic fibrosis of the pancreas, but the duodenal enzyme studies 
failed to support the diagnosis. When the child was placed on a metabolism bed to permit 
studies of stool fat, he had a rectal prolapse (Fig. 1), exposing many polypoid tumors 
on the rectal mucosa, some almost 2 cm. in diameter. ‘ 

An ordinary gastro-intcstinal series and barium enema failed to show any lesion. 
There was “chronic non-tuberculous infiltration” of the lungs on roentgenographic exami- 
nation and bronchoscopy revealed diffuse bronchial inflammation with purulent secretions. 
A second barium enema finally showed numerous polyps (Fig. 2 ) in the colon. Rectal 
prolapse became a chronic recurrent condition until the polyps were removed with the 
cautery loop. Roentgenograms were made by introduction of barium through a Miller- 
Abbott tube which had been passed into the small intestine. No polyps were seen. 

Considerably improved by numerous blood transfusions, the child was discharged. 
It was thought that he had polypoid adenomatosis of the colon and it was felt that 
colectomy would be required for relief. He was to be followed in the out-patient depart- 
ment pending the result of experimental investigation of the feasibility of total colectomy 
and anal ileostomy with preservation of the sphincter. Sigmoidoscopy of the mother and 
of the putative father showed no polyps in the rectum of either and neither had any sug- 
gestive symptoms. 

In February 1946, three weeks after discharge, he was readmitted because of a mild 
balanitis. Rectal prolapses of major proportions recurred frequently and diarrhea had 
continued. His condition aside from the balanitis did not change during the two weeks 
of this admission. 

In May 1946, when he was 18 months old, he was admitted to the Harriet Lane Home 
for the third and last time. The rectum had prolapsed on four more occasions and he 
continued to have three to seven loose, bloody stools a day. Edema of the legs had increased 
progressively for three weeks. He now weighed only 8600 Gm. and appeared cachectic 
with progeric facies. There was generalized edema and the clubbirjg of the fingers and 
toes, which had developed during the first admission, was more prominent than before. 

^ Submitted for publication, July, 1948. 


283 



MARK Al. RAVITCH 


AJonals of Surgery 
August, 1948 


He still had a constant cough and the fine rales were still present throughout both lungs. 
The hemoglobin was 10.5 Gm. The total serum protein was 3.33 Gm. per cent, albumin 
2.34 Gm. per cent, globulin 0.99 Gm. per cent, with an A/G ratio- of 2.36. Numerous 
other blood chemical determinations gave results within the normal range. Again the 
pancreatic enzyme studies gave results in the normal range. The lungs were clear on 
roentgenographic examination. He was transfused repeatedly. On Afay 29, 1946, he began 
to have obvious abdominal pain, and after about 18 hours a mass was felt in the left 



Fig. 1. — R. T., age 11 months. — Rectal prolapse showing numerous adenomata of 

considerable size. 


lower abdomen; he became distended and vomited, and the diagnosis of intussusception 
was made. ’ , - 

At operation (Dr. W. E. Grose) there was found a bluish discolored intussusception 
a foot long, involving the ileum and reaching almost to the ileocecal valve. The intus- 
susception was rapidly resected and an end-to-end anastomosis performed. Many polyps 
were felt in the small bowel well above the intussusception. The resected bowel was gan- 
' grenous and showed numerous polypoid adenomata, many of them large and pedunculated. 
The child tolerated the procedure surprisingly lyell, but had progressive difficulty with 
respiration and died 24 hours after operation. 

Autopsy 19978, Afay 31, 1946. The entire intestinal tract from the cardia of the 
stomach to the anus was involved in a remarkable process. Every segment was affected 
and no areas were “skipped.” The mucosa was covered with innumerable polypoid tumors, 
the character and distribution of which varied from segment to segment. The stomach 
(Fig. 3) was the seat of a great number of polyps, most of them large, measuring one 
to several centimeters in diameter, usually sessile but occasionally pedunculated. There 
were numerous smaller pedunculated duodenal polyps. (Fig. 4.) The entire jejunum and 
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ileum were spotted with polyps, as shown in tlie photographs. (Fig. 5.) The anastomosis 
had been performed a few centimeters above the ileocecal valve and appeared to leak 
after the adherent bowel had been separated at autopsy. It was felt that in life an adjacent 
loop had sealed the leak. The colon (Fig. 5) was carpeted with polyps, large and small, 



Fig. 2. — R. T., age 11 mos. Barium enema. — Numerous round radiolucent areas 
are seen m both right and left colon. As seen in Fig. S, the bowel was literally 
carpeted with adenomata. Only a few tumors are revealed by the barium enema. 


sessile and pedunculated, for its entire length. The terminal 10 cm. of the rectum, in 
which the polyps had been fulgurated months before in an attempt to prevent repeated 
rectal prolapse, now showed only small polyps. The pancreas was normal. There was 
emphysema and patchy atelectasis of the lungs. The child had the hippocratic osteo- 
arthropathy of fingers and toes which had been recognized in life. No other disease was 
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Fig. 3. 


Fig. 4. 


Fig. 3. — R. T., age 18 mos. Autopsy specimen of stomach. — There are numerous 
polypoid tumors, most of them large (up to 3 cms, diameter) and many of them 
ulcerated. 

Fig. 4. — R. T., age IS mos. Autopsy specimen. — Duodenum with attached segment 
of liver. There are many adenomata, mostly pedunculated, and much smaller than 
those in the stomach. 
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Fig. 5. — R. T., age IS mos. Autopsy specimen. — Every segment of the small bowel 
is spotted by great numbers of tumors. Tlie large bowel is even more heavily seeded 
and the tumors tend to be larger. In the last few inches of rectum and anal canal the 
adenomata, though numerous, are veiy small due to the previous clecfro.surgical 
section. The end-to-end anastomosis is just proximal to the cecum. 
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Fig. 6 . — ^Photomicrographs of tumors of R- J. composed 

polyp X 10. The tumor is a true polypoid 

entirely of a mass of glands, B. Jejunal tumor x ^ ^ • . .t^ Ijase 

pedunculated and the fibrous stroma has been ‘ llmost con- 

C, Section of the colon x 10 showing that the poljps a 
tiguous. 
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tound, but the diffuse gastro-intestinaJ adenomatosis. Sections-, of the polyps presented 
the usual picture of true adenomata, as illustrated in the photomicrographs. (Fig. 6.) 

A second patient was seen recently on the private .service of Dr. I. R. 
Trimble. At operation she was shown to have polyps of the stomach and of 
several segments of the small bowel. Rectal polyps were visible through the 
sigmoidoscope. The precise degree of involvement in her case can not as yet 
be stated with certainty. 

Case 2. — J. E., 439670. A white girl, aged 16 years, was first seen in this hospital 
in 1937 at the age of six. At that time she was being studied for severe chronic secondary 
anemia with bloody stools and repeated attacks of abdominal pain with audible peristaltic 

rushes. While on the ward and before a 
diagnosis had been made, an obvious in- 
tussusception developed. Abdominal ex- 
ploration by Dr. I. R. Trimble revealed 
two separate intussusceptions of the small 
intestine, one associated with a single 
polyp and the other with two polyps. 
These intussusceptions were rather far 
apart, one being in the mid-ileum, the 
other in the terminal ileum. The intussus- 
ceptions were reduced and the polyps ex- 
cised. Convalescence was uneventful. 

The child had been noticed almost from 
birth to have peculiar brown pigmented 
spots on the vermilion portion of her lips 
and on the adjacent mucous membrane 
(Fig. 7). The significance of these was 
first appreciated on the present admission 
because of the previous clinical observa- 
tions of Dr. Victor McKusick in similar 



Fig. 7. — J. E., age 16 years. The 
pigmented patches on upper and lower 
lip are plainly seen. Others are within 
the mouth. 


cases. 


17 


After her operation she remained well until 2 or 3 years before the present admission, 
when repeated attacks of abdominal pain began, accompanied' by a chronic secondary 
anemia. She had been taking iron constantly by mouth so that it was not possible to 
draw any conclusions from the color of her stools. There had never been any massive 
hemorrhage and she had never had diarrhea, tending rather to be constipated. The attacks 
of pain might last as long as 24 to 36 hours with cramps one or two minutes apart. 
No attack had been as severe as the one for which operation had been performed. How- 
ever, during one particularly severe attack 2 years before her present admission she 
was operated upon in her home community and obstructing bands of adhesions were 
divided. She was occasionally nauseated with her attacks, but vomiting was rare. Sig- 
moidoscopic examination and repeated roentgen studies of the entire gastro-intestinal 
tract were negative. 

On physical examination she was seen to be a bright, alert girl of 16, thin and ver\ 
pale. There were numerous peculiar irregularly-shaped flecks of brown pigment on the 
lips and oral mucosa, varying in size from 1 to 2 or 3 mm. in diameter. (Fig. 7.) There 
was no definite clubbing of the fingers or toes, although the distal phalanges of the fingers 
were suggestively spatulate. The abdomen was scaphoid. There was a well healed lower 
midline scar. No masses were felt and there was no tenderness. Digital rectal exami- 
nation was negative. Laboratory tests : hemoglobin 8.2 Gm., red blood cells 3.39 million, 
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A 



B 


1 ^ years. — ^A Photomicrograph x 10 of one of two 

0 ypoi tumors removed from stomach by gastrotomy. B. Segment of 
^^unum resected at second operation and containing 6 large polypoid 
enomata. This patient had rectal tumors seen through the sigmoido- 
scope. 
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total scrum proteins, 5.9 Gm. per cent, stools — positive guaiac test for occult blood, urine 
negative. 

On sigmoidoscopy two small rectal polyps were seen within 10 cm. of the anus. 
Repeated roeritgenographic studies of colon, stomach, and small intestine, the latter being 
made \\ ith barium introduced, through an indwelling tube, all failed to show polyps. 

After repeated transfusions of whole blood, on October 31, 1947 operation was per- 
formed by Dr. Trimble. Two separate large polyps 1.5 cm. in diameter were palpable 
in the stomach and were removed by gastrotomy. (Fig. 8a.) A segment of jejunum 
about 100 cm. long was found to contain eight large pedunculated polyps, the largest being 
2.5 cm. in diameter. This segment of bowel was resected (Fig. 8b) and an end-to-end 
anastomosis performed. Recovery from operation was smooth, and the child was dis- 
charged on. November 25, 1947, much improved. 

POLYPOID ADENOMATOSIS OF THE COLON 

The literature on polypoid adenomatosis is confused by the inclusion under 
this heading of many patients with onl)' a few, six or eight, polyps of the 
colon. Such patients have multiple pol)'ps, indeed, but not polypoid adeno- 
matosis, Their disease is not familial, the prognosis is more favorable, and 
the required treatment less radical since removal of the individual tumors is 
adequate treatment. In true polypoid adenomatosis the entire colon, or a large 
segment of it, is the seat of innumerable polyps. The pol3'ps vary in size from 
those just barely visible to the naked eye to those several centimeters in 
diameter, either sessile or pedunculated. Under the heading of “polyposis 
coli” in the literature are found many reports of the condition more properly 
described as familial polypoid adenomatosis of the colon. There have by 
now been several hundred such cases reported. Since Cripps’ original obser- 
vation- of the familial incidence of the disease, many instances have been 
reported of patients in whose family trees there was a high incidence of this 
condition.®’ ^ Bensaude, Hillemand, and Augier® have reported several pa- 
tients in whom polypoid adenomatosis of the colon was accompanied by club- 
bing of the fingers and sexual infantilism. 

The feature of prime importance in colonic adenomatosis is the inevitable 
development of cancer in one or several such adenomata. It is repeatedly 
stated'^’ ® that all patients with polypoid adenomatosis will ultimately have 
cancer of the rectum, if they survive long enough, and the incidence of cancer 
in various series, as of the time of the given report, has been as high as 43 
per cent.® 

The diagnosis is based on the historj'-, on digital and visual examination 
of the rectum, upon a properly -performed double contrast barium enema, and 
lastly by operation. It has been our experience that the barium enema may 
demonstrate only a few of the larger polyps, as can be seen by comparing the 
picture of the specimen of R. T. (Fig. 5) with the roentgenogram (Fig. 2) of 
the same patient. It is noteworthy, furthermore, that polyps may be excessively 
difficult to palpate at laparotomv, as exemplified by a 25-year-old man who 
was seen recently. His mother had polypoid adenomatosis with three separate 
carcinomas of the left colon, and his three sisters all had bloody diarrhea and 
typical sigmoidoscopic findings. Multiple minute polyps and one larger polyp 
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B 

P age 26. — Specimen removed at first operation. A. 

^ n ire specimen. Numerous larger adenomata are seen. The smaller 
^nes, as in the cecum, are almost invisible. B.' Close-up o£ cecum (left) 
rectum (right). Note the great number of very small mucosal 
mors. It Was impossible to feel these at the time of operation. 
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about 0.5 cm. in diameter were found on sigmoidoscopy of the patient but 
barium enemata were equivocal. At laparotomy careful palpation revealed 
only one polyp in the entire colon, and that one on the left side, probably the 
one seen through the sigmoidoscope. Nevertheless, it was felt that he must 
have polypoid adenomatosis, and a total colectomy was begun, in this first 
stage resecting the colon from the ileocecal valve to the rectum. The specimen 
(Fig. 9) showed the bowel carpeted with pol 3 'ps for the length of the specimen. 

The treatment advocated is indicated above — total colectomy with a per- 
manent ileostomy, preferably anal as recently reported.^® Several authors have 
reported successes with subtotal colectomy and repeated fulguration of the 
rectum. This is a dangerous half measure. The mucosa of the remaining seg- 
ment retains its genetic predisposition to polyp formation with the ultimate 
risk of cancer. There are a number of reports of cancer developing in the 
preserved rectal segment and we have seen this occur once^*^ after such a 
procedure. 

POLYPOID ADENOMATOSIS OF THE SMALL INTESTINE 

Adenomatosis of the small intestine is different in many respects from 
familial adenomatosis of the colon. It has only occasionally appeared to be 
familial. Reisinger^^ operated upon a father and a daughter for repeated 
intussusceptions due to multiple jejunal polyps. Malignant degeneration has 
occurred^^' but is uncommon. Adenomatosis of the small intestine is apt 
to manifest itself b}'’ repeated bouts of abdominal discomfort, sometimes vague, 
sometimes exceedingly acute. These attacks apparently indicate intestinal 
obstruction due either to the polyps themselves or to associated intussuscep- 
tions. The most characteristic feature in the histories of reported cases is the 
frequency of repeated operations for intussusception. Gatersleben^® cites four 
patients, with multiple polyps of the small intestine who had together been 
operated upon for intussusception on ten different occasions. 

Diagnosis has been very difficult and is rarely made before operation, which 
is generally undertaken for an attack of acute intestinal obstruction due to 
intussusception. Raiford^^ stated that 23 per cent of patients with benign 
tumors of the small intestine had intussusception. In several instances we 
have attempted roentgenography unsuccessfully by a double contrast method, 
introducing the barium and air into the bowel through an indwelling tube 
passed to the small intestine. Jeghers^® and McKusiclA’’ have individually 
rediscovered and remarked upon Hutchinson’s observation of peculiar pigmen- 
tation of the buccal mucosa in some patients who subsequently proved to have 
polyps of the small or large intestine, as in the second patient described in the 
present report. , 

The treatment of polypoid adenomatosis of the small bowel depends on 
the extent of the disease. The jejunum is apparently the segment of the small 
intestine most commonly affected by large numbers of polyps (Beales,^® Struth- 
ers,^^ Shaw,^® Atakam,®® Bjbrkroth^^). It is much more rare to find the entire 
small intestine involved in polypoid disease (Reisinger,^^ Manfredi®®). If all 
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the polyps occur in one seg-ment of small intestine it is probably worth-while 
to resect that segment. Elective resection is hardly warranted if the polyps 
are scattered through the entire length of the small bowel or if there are polyps 
in the colon (Niemack^^) or in the stomach ( Wechselman^^) . In such in- 
stances one adopts a more or less passive attitude. Operation is performed 
only when demanded by the occurrence of an intusssusception, and then the 
segment involved should be resected rather than reduced and left behind. 

POLYPOID ADENOMATOSIS OF THE STOMACH 

Polyps of the stomach, even when multiple and covering most of the stom- 
ach, may be peculiarly silent. Pearl and Brunn“^ reported 125 collected cases, 
in which they found no evidence of familial incidence. Of the 37 patients most 
recently reported, cancer had developed in 1 9 by the time of the report. Pearl 
mentions the well-known difficulty of demonstrating gastric polyps roentgen- 
ographicall 3 L It has frequently been reported that stomachs which are the 
seat of numerous polyps have appeared normal in the gastro-intestinal series. 
The roentgenograms of R. T. failed to demonstrate the innumerable polyps 
(Fig. 3) in the stomach. Polyps may cause vague malaise, indigestion, melena, 
or hematemesis, or a large polyp occluding the pylorus may at times produce 
intermittent obstructive symptoms. 

Radical gastrectomy is the treatment of choice for gastric adenomatosis 
(Pearl and Brunn,^^ Kaarstad^®) not associated with adenomatosis of other 
portions of the intestinal tract. The likelihood of malignant degeneration is 
at least as high as it is in polypoid adenomatosis of the colon. In the absence 
of any obvious genetic factor it is probably not necessary to perform total 
gastrectomy, provided no polyps are seen by direct inspection of the mucosa 
of any portion of the stomach which can be left behind. In the stomach, even 
more than in the small or large intestine, palpation through the thick bowel 
wall cannot be relied upon to reveal polyps, and if they are suspected and not 
felt, gastrotomy must be resorted to before it is safe to state that the stomach 
is free of polyps. The incidence of gastric polyposis associated with colonic 
or rectal polyposis is too high to be accidental (Gejrot,”'^ \i\'’echselman,“^ Port,^® 
Schottler^®). The occurrence of these potentially malignant lesions at both 
ends of the gastro-intestinal tract poses a difficult surgical problem. 

POLYPOID ADENOMATOSIS OF THE ENTIRE GASTRO-INTESTINAL TRACT 

The patient presented first in this report aroused our interest because of 
the simultaneous occurrence of polypoid adenomatosis in several segments of 
the intestinal tract. The number of instances reported is not large and only 
two substantiated similar instances have been found of adenomata carpeting 
the intestinal tract from the cardia to the anus. There were ten additional 
reported cases in which each segment of the intestinal' tract, beginning with 
the stomach, had at least a few polyps. 

Glass®® reported two instances of diffuse polypoid adenomatosis of the 
gastro-intestinal tract. The most striking case was a female patient Avho was 
followed for 19 years. From the age of 12 she had had postprandial cramps 
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and vomiting and had been thought to have a duodenal ulcer. In 1918, when 
she was 20, Dr. Charles Mayo operated upon her for a three-day attack of 
intestinal obstruction and removed four duodenal polyps. In 1919 she was 
operated upon for an intussusception of the ileum and three feet of bowel 
were resected, containing many polyps “as large as a lime.'' She remained 
well until 1928 when another intussusception was reduced and four polyps 
were removed. In 1929 she was operated upon for rectal bleeding and one 
large sigmoid polyp, three rectal pol3'ps, and one cecal polyp were removed. 
In 1930 Dr. Fred Rankin performed a left colectomy. In 1935 she was acutely 
ill at the Memorial Hospital in New York, under the care of Dr. George 
T. Pack. The stomach was found to be filled with polypoid masses and resec- 
tion was considered inadvisable. Autopsy disclosed generalized gastro-intes- 
tinal polyposis. 

The other patient reported by Glass was a male of 27 with symptoms of 
hematemesis and nielena who was found on roentgenography to have poly- 
posis of the entire gastro-intestinal tract. Further details are not given. 

The best substantiated report of polypoid adenomatosis involving all of 
the gastro-intestinal tract was that of Brachetto-Brian and Lascano®^ who 
reported the case of a 53-year-old female with vomiting, tenesmus, and bloody 
diarrhea of one week’s duration and a palpable mass on rectal examination. 
She died after resection of the rectum for carcinoma. At autopsy the stomach 
was found to be covered with large polyps, sessile and pedunculated, and the 
entire small intestine was covered with polyps, with multiple but fewer discrete 
larger pol3’'ps in the colon. The sigmoid tumor measured 5 by 6 cm. and was 
frankl3'^ malignant. 

Petrow’s is one of the earliest reports. His patient, a 26year-old female, 
was operated upon for a gangrenous ileocecal intussusception of 15 days’ 
duration and died. There were multiple’ gastric polyps, pedunculated duodenal 
polyps, and multiple polyps of the remainder of the gastro-intestinal tract. 
The title of the report indicates malignant degeneration of one of the polyps. 
The original article has not been available for the present report. 

Shaw,^® in reporting five cases of polyposis of the small intestine states 
that in the Rhode Island Hospital there has been one autopsy of a case of 
polyposis of the entire gastro-intestinal tract. 

Hauser®^ in 1895 reported the case of a man of 33 who died after resection 
of the rectum for cancer. He had huge pol3^poid rectal masses and a left colon 
filled with pol3'ps. There were somewhat fewer polyps in the transverse and 
ascending colon. In the ileum and jejunum there were small sessile polyps 
and in the duodenum, great numbers of polyps. In the stomach were many 
small polyps. 

Schilling,®^ among others, mentions the dissertation of Schottler^® which 
we have been unable to obtain. This is said to be a report in detail of two 
instances of adenomata involving the entire gastro-intestinal tract. 

Wechselman-^ reported an instance of what he impressively termed “Poly- 
posis adenomato^a universali intestini totius,” an autops3’^ finding in a 62-3'ear- 
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old man dying of pneumonia. There was a large polyp of the stomach, another 
of the duodenum, and three in tlie jejunum, and the entire colon was thickly 
seeded with polyps of all sizes. Wechselman mentions, without citing it, a 
case previously reported which he considers questionable, and gives the list 
of Verse’s^^ collected cases. We have reviewed the originals of the accounts 
quoted by Verse and the acceptable cases are included in the present report. 

Funkenstein’s^^’ patient was a 24-year-old female who had had abdominal 
pain, vomiting, and blood}^ diarrhea for two years. She was edematous and 
had clubbed fingers. The red blood cell count was three million. She suc- 
cumbed with a severe diarrhea. At autopsy she was found to have three pyloric 
polyps, six duodenal polyps, and innumerable large and small colonic polyps. 

Gutig and Herzog^''^ report a 16-year-old female who had been operated 
upon for intussusception four years before. An extensive segment of polyp- 
bearing small intestine had been resected. Roentgen studies showed polyps 
in stomach, small intestine and colon. Another intussusception occurred and 
at operation polyps were felt in stomach and small intestine. Death ensued. 
At autopsy two polyps were ' found in the stomach, fairly numerous large 
polyps in the small bowel, and two polyps in the colon. 

Avidon^® reported an 11 -year-old boy with a two months’ history of vomit- 
ing. Operation disclosed a polyp of the pyloric antrum which was resected. 
The child continued to vomit and operation disclosed a large jejunal polyp with 
retrograde intussusception, gangrene, and obstruction. He died after the resec- 
tion, and at autopsy five gastric polyps, six small intestinal polyps, and one 
polyp in the colon were found. 

POLYPOID ADENOMATOSIS OF SMALL AND LARGE INTESTINE 

There are a number of reports of adenomatosis with this distribution of 
lesions. The histories combine the pain and repeated intussusception of adeno- 
matosis of the small intestine with the diarrhea and malignant degeneration of 
adenomatosis of the large intestine. The condition usually is not familial. In 
the absence of a familial history, in patients with adenomatosis of the colon, the 
small intestine must be explored before a colectomy is performed. This is a 
therapeutically hopeless condition if the adenomata are widespread and numer- 
ous. However, resection may be feasible if the tumors involve only a few bowel 
segments of limited extent or if only a few large polyps are scattered about. 

A CaboF^ case report described a 36-year-old male ill with vague symptoms 
in the course of which he had one brief period of diarrhea and finally jaundice. 
Autopsy disclosed a diffuse polyposis of the intestinal tract from one millimeter 
beyond the pylorus to one centimeter above the internal sphincter ani. The 
intestine was carpeted with polyps and one. at the ampulla of Vater, had become 
malignant. 

Mandillon and Georget^® report a 21-3'’ear-old male whose brother died at 
the age of seven of intestinal obstruction and whose sister had been operated 
upon for intussusception due to a polyp. This patient had nutnerous polypoid 
rectal adenomata, and at laparotom}’^ a segment of ileum two meters in length 
was found to bear innumerable polyps. Instead of resecting this segment the 
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authors removed the six largest polyps. The patient underwent four subsequent 
operations for intussusception of the small intestine. 

In 1931 Tonnesen reviewing the occurrence of intestinal polyps, stated 
that 73 per cent of reported cases and 82.5 per cent of his own cases of polyposis 
were of the rectum. For the stomach the figures were 7 and 12.5 per cent. In 
addition to Wechselman’s cases already cited, he added one case of polyps in 
stomach, ileum, and colon ; one in stomach, cecum, colon, and rectum ; one in 
stomach and rectum. Tonnesen also cites the report of Aisman^’^ from Russia. 
Aisman had two cases of polyps in ileum, colon, and rectum ; one in stomach, 
jejunum, and ileum ; one in stomach, duodenum, and colon ; one in the entire 
intestinal tract except the jejunum. 

Niemack’s patient^'®, a girl of twelve years, died after three years of ab- 
dominal pain and intractable bloody diarrhea. She was found to have diffuse 
intestinal polyposis with heaviest involvement in ileum and colon. 

V erse**'^’’ collected two instances of diffuse involvement of the ileum and two 
others of diffuse involvement of ileum and colon. 

Schottler-^ in addition to two cases involving the entire intestinal tract, 
is said to have reported one patient with polyposis of large and small intestine, 
two patients witli ])ol3'ps of the ileum, one with polyps of rectum and stomach, 
and one with polyps of stomach and small intestine. 

Sklifasowski."*- whose Russian report is abstracted by Port and by Mandillon 
and Georget, described an instance of polyposis of the entire small intestine, 
found at operation in 1881 in a man of 51 known to have multiple rectal polyps. 

Gottesman and Perla’s patient^® died at the age of 44 after years of bloody 
diarrhea and had multiple polyps of large and small intestine. 

The patient of Devic and Bussy*^ was a female of 36 years. She died of 
acute mesenteric thrombosis and was found to have multiple polyps from the 
proximal duodenum through the jejunum, which was practically obstructed, 
throughout the ileum and into the cecum and colon, which were covered with 
polyps down to the sigmoid where polyps became fewer. 

In Farmer’s^^ case there was extensive polypoid adenomatosis of the small 
and large intestine. There was no autopsy, and the state of the stomach is 
unknown except that the patient had had her first hospital admission for “gas- 
tric ulcer.” She had intermittent abdominal pain and occasional vomiting but 
no diarrhea or melena. At her first operation two large jejunal polyps were 
removed. At her second operation two years later a large segment of polyp- 
bearing small intestine was resected. Three years after that she had a sudden 
collapse with massive rectal bleeding, and barium enema revealed diffuse poly- 
posis of the rectum and colon. 

Nato Campanella’s case"*® is perhaps the most extreme instance of involve- 
ment of both large and small intestine in polypoid adenomatosis. An infant of 
five months, who had had diarrhea and occasional vomiting, developed intussus- 
ception of the jejunum and died of a massive hemmorhage. At autopsy the 
intussuscepted bowel appeared still viable. There was a diffuse involvement 
with polj'ps from 10 cm. beyond the p}dorus to the anus. 

296 



Volume 128 
Number 2 


POLYPOID ADENOMATOSIS 


The presence of adenomata in the stomach may complicate treatment in 
patients with polyps of the small intestine. Wechselman collected two such 
instances. 

SUMMARY 

Any segment of the gastro-intestinal tract and any combination of segments 
may be the "seat of numerous adenomatous polyps. 

In the colon polypoid adenomatosis is a well recognized disease entity with 
familial incidence. Prolonged bloody diarrhea leads to anemia and cachexia. 
Total colectomy is required to obviate the inevitable carcinomatous transforma- 
tion of one or several of the adenomata. 

In the stomach, adenomatosis causes vague symptoms. Resection of the 
tumor-bearing segment relieves the symptoms and prevents malignant degenera- 
tion of the polyps. 

Adenomatosis of the small intestine is only occasionally familial. It is mani- 
fested by melena, anemia, and repeated intussusception. When the polyps are 
limited to segments of moderate length, resection is feasible. 

Two cases are reported in each of which all segments of the gastro-intestinal 
tract were involved in polypoid adenomatosis. There are a number of descrip- 
tions of adenomatosis occurring in several segments of the bowel simultane- 
ously and a few instances, such as those reported here, in which adenomatosis 
involved all segments of the gastro-intestinal tract. 
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TUMOR OF THE SMALL INTESTINE ^ 

Miller-Abbott Tube Determines Site of Massive Hemorrhage 

J. Benham Stewaet, M.D. 

Macon, Ga, 

Recently published literature contains many reports of cases of mas- 
sive hemorrhage from the gastrointestinal tract. An article by Baker and 
Halley includes an excellent review of the recent outstanding literature deal- 
ing with benign tumors of the small intestine and covers the subject well. Such 
a review here would be repetition. 

Numerically, tumors of the small intestine are about equally divided between 
the benign and the malignant type. By far the commonest malignant tumor 
is the adenocarcinoma. In an article read recently before the Georgia Medical 
Society, Good stated that 26, or approximately 42 per cent, of a series of 61 
tumors of the small intestine seen at the Mayo Clinic were adenocarcinomas, 
and 10, or about 16 per cent, were leiomyomas. While leiomyomas constitute 
only a small percentage of the tumors of the small intestine, there is frequently 
doubt as to whether they should be considered benign or malignant. It is 
certain that many of them eventually become malignant. 

Tumors of the small bowel, whether benign or malignant, occur most fre- 
quently in the proximal portion. Symptoms are variable and by no means 
dependable, but the commonest one is bleeding, which is estimated to occur in 
about 35 per cent of cases. 

The case reported here is one of massive intestinal hemorrhage from a tumor 
of the small bowel. Histologically, this tumor appeared to be benign, but it 
was classified by the Army Institute of Pathology as a leiomyosarcoma. This 
case illustrates many of the common symptoms of this condition as well as 
some of the diagnostic difficulties encountered. 

REPORT OF CASE 

M. E. G., Sr., a white man aged 63, was admitted to the Fort McPherson Station 
Hospital on March 5, 1947 in a state bordering on shock. Approximately two Iiours 
previously, he had fainted without warning in a downtown hotel lobby and when taken 
to his room, had had two copious stools of dark red blood. When he was admitted to the 
emergency room of the hospital, he complained of cramps in the lower^ portion of the 
abdomen and extreme weakness. He estimated that he had passed approximately I qtiai t 
of dark blood per rectum before admission. 

Approximately 10 years prior to this time, the patient had e.xperienced a .similar 
episode, following which a complete roentgen examination of the gastro-intestinal tract 
together with appropriate hematologic studies had been made, witli negative results except 
wr a slight filling defect of the duodenum. Exploratory laparotomy at that time liad 
revealed an entirely normal stomach and duodenum. No reason could be found for tne 
slight roentgen evidence of irregularity in the duodenum. The small intestine la 


* Submitted for publication, December 1947. , * i , n . 

t Read before the Staff of the Fort McPherson Station Hospital, Atlanta, Ga., . la. 
5, 1947. 
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appeared entirely normal. With the exception of vague indigestion and irregular bowel 
habits, the patient had lived normally until approximately four months prior to admission, 
at which time he had had another massive intestinal hemorrhage. Roentgen studies had 
demonstrated the presence of a small diaphragmatic hernia. It was suspected that the 
hemorrhage had resulted either from an ulcer in the lower portion of the esophagus or the 
upper part of the stomach, or from esophageal varices. The bleeding had stopped com- 
pletely, and no further treatment was sought. 

Physical examination revealed a well developed and nourished white man, lying 
quietly in bed in no acute pain. He was extremely pale, almost matching in color the 
sheets on the bed. The pulse was weak but regular, with a rate of 100; the temperature 
was 97.6 F. Aside from slight generalized abdominal tenderness, the physical examination 
gave essentially negative results. The red blood cell count was 4.1 million with hemo- 
globin 70 per cent (12 Gm. Sahli) ; the hematocrit reading was 26 cc. per hundred cubic 
centimeters of blood; the total protein content was S.7S Gm., the albumin 3.10 Gm. and 
the globulin 2.65 Gm. per hundred cubic centimeters of blood; and the albumin-globulin 
ratio was 1.17 to 1. 

The patient was given plasma and heavily sedated. The following morning, he was 
given 500 cc. of whole blood slowly, with no further evidence of hemorrhage. At this 
point, with 2,000 cc. of matched blood available, a Miller-Abbott tube was passed for 
diagnostic purposes. The bleeding point was established approximately 5 feet beyond 
the stomach. He was then given a liquid diet high in protein and carbohydrates, and 
was transfused at intervals. On March 9, the hematocrit reading was 32 cc., and the 
red blood cell count was 3.5 million. It was decided that this would be an ideal time for 
exploration as his general condition seemed excellent. 

At operation, the incision was made in the right 'upper quadrant of the abdomen 
through the scar resulting from the previous laparotomy, and the peritoneum was opened 
with difficulty because of underlying omental adhesions. These adhesions were dissected 
free, and the peritoneal cavity was entered. Careful examination of the liver revealed no 
nodules and no evidence of metastasis. The gallbladder emptied normally. Because of 
rather dense adhesions, the stomach and duodenum were not examined. Starting at the 
ligament of Treitz, the small intestine was carefully examined throughout its entire length. 
Approximately 3 feet from the duodenum, a small intussusception was encountered, 
which reduced spontaneously as it was examined. No cause could be found for the 
intussusception, and at the close of the operation its exact location could not be determined 
by examining the bowel. Approximately 4 feet from the duodenum, a large intussus- 
ception was demonstrated. The cause for this was a small tumor (Fig. 1) on the 
antimesenteric side of the intestine. There was great increase in vascularity in the 
mesentery at this level. One or two small buckshot-sized nodes were palpable near the 
intestine in the mesentery, but no distant nodes could be palpated. The bowel was 
resected approximately 4 inches on either side of the tumor, and an end to end 
anastomosis was performed. Routine closure of the abdominal wall was carried out, 
and the patient’s immediate postoperative condition was satisfactory. 

On the day following the operation, the total protein content of the blood was 
5.68 Gm., albumin 3.54 Gm. and globulin 2.14 Gm. ; the albumin-globulin ratio was 1.65 to 1- 
The general condition of the patient seemed excellent. On the second postoperative day, 
the blood values were total protein content 5.11 Gm., albumin 3.75 Gm. and globulin 1.36 
Gm. ; the albumin-globulin ratio was 2.7 to 1. At this time the red blood cell count 'vvas 
3.55 million, the hemoglobin 58 per cent (10 Gm. Sahli), and the hematocrit reading 
31 cc. 

From this point the patient made an uneventful recovery. Sutures were removed 
on the eighth postoperative day, at which time the wound was well healed. The red 
blood cell count was at that time 3.6 million with hemoglobin 73.5 per cent (12.5 Gm. 
Sahli). He was allowed out of bed on the fourth postoperative day and by the eleventh 
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day was able to be up most of the time. He was discharged from the hospital on this date. 

The pathologic report from the Army Institute of Pathology follows: “The tumor 
nodule, which is well circumscribed, lies in the wall of the jejunum. It interrupts the 
muscular layer laterally, closely underlies and elevates the epithelium on the mucosal 
aspect, and extends to the serosa by way of a nipple-like extension. Its structure is 
compact, consisting of fusiform-shaped cells arranged in interlacing strands and bundles. 



Fig. 1. — This photograph shows the tumor protruding 
into the jejunum. 


The nuclei, depending upon the plane of section, are round to rod-shaped. They arc 
rather pale with finely granular diffusely scattered chromatin and a single moderately 
conspicuous nucleolus. There is mild variation in the size and shape and staining qualities 
of the nuclei. Mitotic figures are not seen. The appearance and staining properties of the 
cells indicate an origin from smootli muscle. Vascularity is moderate; the vessels are 
thin-walled, consisting in many instances of only an endothelial layer which appears to 
be directly opposed to the tumor cells. In recognition of the treacherous course of smooth 
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Fig, 2. — Photomicrograph showing a cross section of the tumor (magnified 6 times) 


muscle tumors of the intestine, the lesion in this case is being coded as a leiomyosarcoma 
despite its relatively innocent histologic appearance” (see Fig. 2) 

DISCUSSION 

This case is being reported largely for a discussion of tJie diagnostic pro- 
cedure used. It is recognized that this procedure has great potential dangers, 
and, except for the fact that the patient had had two previous severe hemor- 
rhages followed by ever}" conventional diagnostic test including exploratory 
laparotomy, it would have been considered too dangerous to use. With 2,000 
cc. of blood matched with that of the patient read}" for immediate use, a Miller- 
Abbott tube was passed into the stomach and the contents aspirated and tested 
for blood. It was then passed under fluoroscopic vision through the duodenum 
with samples being taken in the second and third portions of the duodenum. 
The tube was then advanced approximately 6 inches at one hour intervals, and 
a sample of the intestinal content was withdrawn each time. When the tube 
had been passed approximately 5 feet beyond the end of the stomach, dark 
blood was withdrawn for the first time. A roentgenogram was made to estab- 
lish the location of the tube, and the tube was thereafter immediately with- 
drawn. 

The Miller- Abbott tube gave an accurate picture of the location of the source 
of this patient’s bleeding. It made possible exploratory laparotomy with a fairly 
definite aim in view. Exploration revealed the tumor at approximately four 
feet from the ligament of Treitz, or about where it was expected the lesion 
would be found. The tumor was evident and would have been easily discovered 
upon exploration, but since one exploration almost ten years previously had 
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failed to demonstrate the site of hemorrhage, it was feared that the same diffi- 
culty would be encountered again. It is by no means certain that the first 
hemorrhage which the patient experienced was due to the same lesion as were 
the last two hemorrhages. 

This procedure is not recommended as a routine diagnostic aid. It is 
thought, however, that in rare instances when plenty of blood is available and 
immediate surgery can be instituted, it may be a helpful diagnostic aid. 

SUMMARY 

Tumors of the small intestine are discussed briefly. 

A case is reported in which the pathologic diagnosis was leiomyosarcoma 
of the jejunum. 

In this case massive hemorrhage was localized by the passage of a Miller- 
Abbott tube. 

Despite its potential dangers, this procedure may occasionally be a valuable 
diagnostic aid in selected cases. ^ 
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RECURRENT PRIMARY THROMBOCYTOPENIC PURPURA 
WITH ACCESSORY SPLEENS" 

Review of the Literature 
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Werlhof in 1731, laid the foundation for our present concept of the dis- 
ease which bears his name, and which also is described as “purpura hemor- 
rhagica.” However, in the eighteenth century, the spleen was unsuspected of 
being associated with thrombocytopenic purpura. In 1916, Kaznelson,- while 
still a medical student, favored the theory that hypersplenism was responsible 
for lowered platelet counts. This resvdted from an observation which he 
made, namely, that in three of four cases of thrombocytopenic purpura, he 
found a splenomegaly. At his insistence, he persuaded Shloffer of Prague to 
do a splenectomy on a patient suffering from chronic thrombocytopenic pur- 
pura; this resulted in a dramatic response. In 1921, Finkelstein® was prob- 
ably the first to call attention to the fact that accessory spleens might be respon- 
sible for the recurrence of symptoms in postsplenectomy essential thrombo- 
cytopenia, and in 1928, Morrison, Lederer and Fradkin^ reported two cases 
of accessory spleens associated witfi this condition. The role played by unre- 
moved accessory spleens following splenectomy for primary thrombocytopenic 
purpura has lieen stressed by Curtis and White,® Vaughan,®- Robertson.® 
Maingot,® Curtis and Movitz,^®- and Watson and Moir.^- 

Despite the fact that such significance has been placed upon unnoticed 
splenicules, few cases are reported. Watson and Moir^- record recurrent pur- 
puric- manifestations in d case following therapeutic splenectomy in winch a 
2.5 cm. diameter accessory spleen was found at necropsy. A similar case 
appears in the article of Curtis and Movitz.^^ These latter two authors have 
established the importance of accessory spleens in showing that in 174 consec- 
utive cases of splenectomy, and in four abdominal explorations, they found 
131 accessory spleens in 56 patients, an incidence of 32 per cent. The number 
of accessory spleens varied from one to ten. 

Recurrence of primary thrombocytopenic purpura is reported by Giffin 
and Holloway^® as 14 per cent, and Vaughan^ as 17 per cent. What percentage 
of such recurrences results from accessory spleens is unreported, but it is 
suggested by Watson and Moir,^® that the incidence of the recurrences closely 
resembles that of accessory splenic tissue reported by pathologists. Adami 
and Nichols^’* report 11 per cent in their necropsies; the incidence at Cook 
County Hospital is 10 per cent; Emmet and Dreyfuss^® record 10 per cent 
and Morrison et al'* report 35 per cent after adoption of a systematic search. 
Increased incidence of accessory tissue in primary splenic disease is reported 

* Submitted for publication, April 1948. 
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by Maingot^® (44.4. per cent), Curtis and White^ (20 per cent), McLaughlin^^ 
(24 per cent), and Curtis and Movitz^^ (31.4 per cent). 

Splenic “seeding” should be considered during the removal of the spleen 
for such diseases as primary thrombocytopenic purpura and congenital hemo- 
lytic icterus, especially when recurrence follows. Such accidental “seeding” 
is suggested by Curtis and Movitz.^’^ McLaughlin^" has reported a case of 
recurrent congenital hemolytic icterus in a splenectomized patient, in whom 
generalized so-called abdominal “hemolyniph” glands were found enlarged at 
necropsy; it was thought that these were splenic type tissue. The successful 
transplantation of such tissue into subcutaneous and muscle layers by Puts- 
char^^ and Perla,^® and the observation by several writers^®'^^ of multiple intra- 
abdominal splenic tissue islets following trauma to the spleen, suggests the 
possibility of relapse by gradual assumption of splenic functions by these new 
growths. No instance, however, is reported in which such nodules following 
surgery for rupture of a normal spleen have resulted in primary splenic disease. 

Buchbinder and Lipkoff^® have termed the “seeding” of multiple splenic 
transplants through the abdominal cavity following splenic trauma as “spleno- 
sis,” and this condition technically should be differentiated from the presence 
of true accessory splenic tissue. It is probable that the 400 accessory spleens 
reported in 1896 by Albreclit-'^ and the case he cites by Orth were of this 
category. 

While “splenosis” as described above folIows.no general plan, there are 
certain generalities to be noted concerning the locations of true accessory 
spleens. Since minuteness in no way .eliniinates the tissue as a cause of future 
recurrence, a definite plan of search • should be followed, to, remove these 
offenders. Schilling^^ lists the possible sites in this order of frequency: (1) 
splenic hilus, (2) gastrosplenic omentum, (3)' great omentum, (4) edge of the 
omentum, (5) splenocolic ligament, (6) pleurocolic ligament, (7) peritoneum 
along the splenic vessels, and (8) pancreas. Curtis and Movitz^®* list • 
(1) the hilus of the spleen, (2) the pedicle of the spleen, (3) the retroperi- 
toneal region around the tail of the pancreas, (4) the omentum, especially at 
the greater curvature of the stomach, (5) splenocolic ligament, (6) the mesen- 
tery of both small and large bowel, and (7) the left adnexa in females. The 
latter authors surprisingly found that 85 per cent of patients with accessory 
spleens had them in a single location, and that in no instance were more than 
two locations found. In addition, where such was the case, one of the double 
sites was always hilar. Even in unusual cases, such as Olken’s,^® a second 
hilar accessory was found in addition to a left scrotal splenicule. 

EMBRYOLOGY 

splenic anlagen first appear in the 8 mm. embryo, on the left side of the 
dorsal mesogastrium, as an accumulation of mesenchymal cells, just beneath 
the surface (peritoneal) epithelium. These appear as several small “hillocks” 
whose subsequent fusion forms a single organ. The survival of one of 'these 
may result in a lobulated or accessory spleen. Whether this abnormality occurs 
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cephalad, caudad or ventrad to the main mass, and whether it arises early or 
late in embr 3 '^onic life determines roughly the location of the splenicule. 

Curtis and Movitz^^ have given an excellent review of the underlying 
emhryologic principles and consider five phases of splenic development suffi- 
cient to explain all accessory spleens. They are the following : ( 1 ) the manner 
of formation of the major spleen with its notches and lobulations by fusion 
of the separated splenic masses ; (2) the formation of accessories by failure of 
fusion of the separate anlagen; (3) the formation and development of the 
subjacent dorsal mesogastrium into the various ligaments and bursae carrying 
along the accessory spleens to their various distant future locations; (4) the 
development of the splenic artery and its branches providing a similar blood 
supply to the splenic lobules and the accessories, with the accessory merely 
representing a greater degree of “fusion failure” than the lobule; (5) the 
embryonic contiguity of splenic anlagen to the genital ridge (on medial side 
of the mesonephros) permitting an accessory spleen to become attached to 
the left gonad. 

Although the spleen is part of the blood system of the bod}'-, Keith^- con- 
siders its development with organs of digestion since he thinks it must orig- 
inally have been part of the alimentary system. Its origin is connected witli 
the stomach, and its blood like the alimentary tract enters the portal circulation. 
The spleen grows from the left surface of the dorsal mesogastrium above the 
cardiac end of the stomach. It appears at the beginning of the sixth week as 
a localized growth of mesoderm. In the third month, the dorsal splenic surface 
is nodular and deeply fissured, and at the middle of fetal life these fissures 
begin to disappear but only persist on the anterior (gastric) border, 

PATHOLOGIC PHYSIOLOGY 

C. A. Doan^® has done much to clarify the modern concept of the physiology 
of the spleen from an organ of complete mystery to one of understandable 
functions. Although much information concerning the spleen is controversial, 
certain facts seem fairly well established. This organ seems to have the fol- 
lowing three structures: (1) a reticulo-endothelial system; (2) a vascular 
system ; (3) a tymphoid system. The smooth muscle in the capsule and tra- 
beculae together with the vascular system serve as the structural basis for the 
blood reservoir function of the spleen. The reticulo-endothelial system is made- 
up of “specific endothelia,” and a reticulum endowed with special phagocytic 
powers. 

The normal spleen is concerned with blood cell destruction, formation and 
sequestration. A delicate splenic equilibrium results which may be upset by 
either congenital or acquired causes, resulting in diminution or accentuation 
of these physiologic processes. B)"- means of supravital studies on splenic paren- 
chyma, it has been shown that the spleen may become h 3 'peractive with a 
resulting increase in number and phagoc 3 i;ic power of the macrophage. This 
has been referred to as hypersplenism. If this overactivity focuses on the red 
blood cells, congenital hemolytic icterus results ; if it focuses on the thrombo- 
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cytes, then essential thrombocytopenic purpura results ; and if the granulocytes 
are affected by the destructive process, a condition designated as primary 
splenic neutropenia results.^^ 

When such a spleen becomes hyperactive, the bone marrow tries to com- 
pensate for the destruction and loss of blood elements. However, the spleen 
visually gains the upper hand and the involved blood cells are kept at a patho- 
logic low level. Should an overactive spleen fail to discriminate between the 
elements which pass through it, red cells, granulocytes and platelets all may 
be destroyed simultaneously, resulting in a condition called pansplenic hema- 
tocytopenia. In such patients, a marked compensatory hyperplasia of the bone 
marrow results. 

CASE REPORT 

J. H. (46-58183), a 22-year-old white married female, entered Cook County Hospital 
November 25, 1946, complaining of an aching pain in the “right side” for 4 days, which 
was accompanied by vomiting and constipation. 

History. History revealed that the patient, in her youth, suffered severe epistaxis 
once every two months, and also had marked gingival bleeding. After menarch at 14 
years, she experienced prolonged menstrual periods which always lasted from one to two 
weeks with onset at 30-day intervals. These were described as not excessive but merely 
prolonged. 

In April 1943, a slight injury resulted in a large bruise over the anterior forearm and 
arm. She consulted her family doctor who immediately had her hospitalized for obser- 
vation. She recalls the diagnosis as “purpura” and states that she received “shots” in the 
deltoid area ; however, she stopped these voluntarily. 

In August 1943, following severe vaginal bleeding, the patient consulted a gynecolo- 
gist and was immediately hospitalized. She received 6 transfusions, and a splenectomy 
was performed. She remained in the hospital for about 2 weeks, her vaginal bleeding 
stopped, and the small red spots which were present on her legs gradually disappeared. 
Postoperative platelet counts unfortunately were not done. 

Thirty days after the preceding hemorrhage, another severe vaginal hemorrhage 
occurred and following its cessation, in approximately 10 days, the patient received radium 
tlierapy via a vaginal pack. Although her ecchymoses and gingival bleeding persisted and 
the small red spots continued to appear, she had no vaginal bleeding until May 1945, when 
she had a scant three-day flow. These facts should have made one suspicious of the pres- 
ence of accessory splenic tissues. 

In May 1946, the patient consulted her local doctor because of severe pain in the 
left side and back and was told she might be pregnant. In the' latter part of April, the 
vaginal bleeding recurred and the fourth day after its onset, May 2, 1946, she entered the 
Cook County Hospital as a threatened abortion case. She was treated for shock and 
severe anemia bj’’ multiple transfusions of whole blood. A blood count done on Afay 3, 
1946, revealed RBC 1.06, WBC 33,700, Platelets 252,290 and Reticulocytes 4.9. A marrow 
smear was reported as not unusual, and it was the impression of the hematologist that 
local genital pathologj"^ was the cause of the prolonged hemorrhage. On Afay 11, 1946, a 
currettement was done with negative gross and microscopic findings, and on Afa)’’ 22, 
1946, she was operated upon and the left tube and ovary were removed. Diagnosis: 
hematosalpinx and hemorrhage into an ovarian cyst. No further platelet counts were 
done and the patient left the hospital on the twent 3 ’-ninth day. 

At the present admission, she complained of pain just above the right iliac crest 
which was present for 4 da 3 's, and was dull and aching in character. She was awakened 
during this period each morning at 4 :00 A. Af., by a pronounced desire to defecate but 
was unaiile to have a bowel movement. Nausea and vomiting of clear fluid relieved the 
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urge to defecate without alleviating the pain. This sequence was repeated once each after- 
noon during the present illness with no relation to hour, food intake or activity. Voluntary 
dietary restrictions were imposed. On the day of admission, she was again awakened 
with the desire to defecate, but had relief following a small clear liquid emesis which 
this time contained specks of blood. Upon admission to the Cook County Hospital the 



Fig. 1. (A). — Longitudinal left transrectus incision gave adequate exposure. 

(B). — The three accessory spleens as seen at surgery. 

patient gave no history of drug or medication ingestion nor of recent illnesses. The family 
history was essentially negative and venereal disease was denied. 

Physical Exammation. Physical examination revealed a pale, thin white female who 
did not appear acutely ill. Blood pressure 110/80, pulse 90, respirations 18, and the rectal 
temperature was 99.8. Several large ecchymotic patches were found over the body unasso- 
ciated with trauma. The abdomen was soft, not tender, and no masses could be palpated. 
Bowel sounds were somewhat hypo-active. Left subcostal and Pfannensteil scars were 
well healed. The pelvic examination was non-contributory except for a very firm, regular 
cervix and vault, and adne.xal adhesive distortion. A Rumpel-Leeds test was negative. 
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Treatment. The patient \Yas placed on a high-protein, high-carbohydrate diet with 
supplemental vitamin and iron therapy. On November 27, 1946, the second day of hos- 
pitalization, a platelet count was 77,280. It \ras at this time that the possibility of 
accessory splenic tissue presented itself. On November 30, 1946, platelets numbered 6,850 
and a normal cell count and differential were recorded. Vigorous intravenous therapy 
was started, giving at least 500 cc. of blood daily in addition to other parenteral fluids. 
An elimination diet was begim, all medication stopped, and the patient held in readiness 
for emergency exploratory' laparotomy' in search of accessory splenic tissue if significant 
increase in peripheral platelets did not occur. A sternal puncture at this time revealed 
a marrow with slightly increased granulopoieses and a right shift, but \Uth megakaryo- 
cytes and eosinophiles in normal numbers; findings were compatible with the clinical 
diagnosis of recurrent thrombocytopenic purpura. Chest plate and barium studies revealed 
no pathology. Preoperative bleeding time was 8 minutes 5 seconds; coagulation time 
was 4 minutes 10 seconds. Elimination diet was discontinued since the thrombopenia was 
apparently not on an allergic basis; on December 4, 1946, the Rumpel-Leede test was 
positive. 

On December 5, 1946, imder pontacaine spinal anesthesia, an e.xpIoratory operation 
was performed, by Dr. P. T., through a longitudinal left transrectus incision. It was 
noted during the entire course of the operation that there was a marked tendency to 
bleed. Three accessory spleens were found (Fig. 1). The largest approximately the size 
of a cherry (Fig. 2), the second about the size of a pea and the third that of a pinhead. 
The first two were close to each other and were located in the omentum near the previ- 
ously ligated splenic pedicle. The smallest spleen vas found along the upper border of 
the tail of the pancreas. ^Nfacroscopically it was difficult to differentiate the latter from 
a tiny lymph node. IMicroscopic sections on all three specimens definitely established each 
as being an accessory spleen with the following description: the section revealed dilated 
sinusoids with a slightly hemorrhagic pulp and marked pioliferation of mononuclear cells 
and a few polymorphnuclear leukocytes. The malpighian corpuscles were large. The 
pathologist concluded that these findings were in keeping with a diagnosis of thrombo- 
cytopenic purpura. 

Following the remoral of these masses, there was no dramatic cessation of bleeding ; 
in fact, gingiml hemorrhage of a moderate sort continued for hvo postoperative days 
despite whole blood transfusions. On the second postoperative day' her clotting time was 
9 minutes 17 seconds and bleeding time was 6 minutes. On the third postoperative day', 
all gum bleeding stopped, even though menstruation which began on December 2, 1946, 
continued. On the fifth postoperative day', December 10, 1946, the bleeding time was 
normal, platelets numbered 95,200 and the patient was up and about ; menstruation ceased. 
Qinical improvement paralleled subsequent platelet increases and the patient left the 
hospital on December 21, 1946, with a platelet count of 750,000 to be followed as an 
out-patient. 

The patient did remarkably well imtil January 8, 1947, when she again noted petechial 
• hemorrhages and bleeding from the mouth. This increased in severity. She was read- 
mitted. Repeated platelet coimts varied between 0 and 14,000. She was reexplored on 
another surgical service January' 14, 1947, and no additional splenic tissues could be found. 
However, on January 22, 1947, her platelet count had risen to 92,360. The patient gradu- 
ally improved, her bleeding stopped and upon discharge from the hospital w'as clinically 
improved. She will be followed in the out-patient department. Whether or not tissue 
damage following surgery may stimulate platelet formation or not is theoretical. It 
seems more logical to conclude that splenic “seeding” might have occurred, or that ectopic 
splenic tissue still may exist in some very remote anatomical recess. 

lilany other methods of therapy have been advocated, especially in chronic cases, 
such as snake venom, ce%'itamic acid, ,,roentgen-ray', viosterol. parathyTcid extract and 
rutin, but these usually fail to produce the desired results. 
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The treatment for purpura hemorrhagica is splenectomy. This is an emergency 
procedure in the acute cases, and may be elective if the condition is chronic. The possi- 
bility of accessory spleens must be kept in mind, a search made for these, and if found 
they must be removed. Repeated transfusions with freshly removed matched blood (not 
bank blood) supply effective platelets. Hemorrhagic manifestations usually disappear 
while the patient is still on the operating table, and the platelet count rises immediately. 

SUMMARY 

1. A case of recurrent primary thrombocytopenic purpura associated with 
the removal of three accessory spleens is reported. 

2. The literature is reviewed. 

3. The importance of searching for accessor}- splenic tissue at the time of 
operation is emphasized. 

4. The pathologic physiolog}' of the spleen is reviewed. 
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The literature on streptomycin in bronchial and pulmonary infections 
is not extensive. Good results have been reported to follow its use in infections 
caused by Klebsiella pneumonia (Friedlander’s bacillus) and Hemophilus 
influenzae (Pfeiffer’s bacillus) as well as in tularemic and acute tuberculous 
pneumonias.^' * These results have been confirmed in U. S. Army hospitals.'' 
Bronchitis and bronchiectasis have been consistently benefited only when 
streptomycin has been given in combination with penicillin. In asthma asso- 
ciated with chronic respiratory infection a limited therapeutic trial of strepto- 
m)Tin has not been encouraging.^ 

Reports on the use of streptomycin in pleuropulmonary infections are even 
more limited. The Committee on Chemotherapeutics and Other Agents of 
the National Research Council reported its employment in five cases of non- 
tuberculous empyema but supplied no details except that three patients were 
unimproved.^ The Council also reported improvement in only one of eight 
patients with tuberculous empyema treated by this method and concluded, on 
the basis of these observations, that the method was not useful. Kane and 
Foley® thought that the combined penicillin and streptomycin aerosol therapy 
of pulmonary abscess had been useful in a single case caused by Hemophilus 
influenzae. Fisher and Shaw® attributed to combined intramuscular and intra- 
pleural streptomycin the rapid cure of a 10-year-old girl with empyema 
caused by Hemophilus influenzae. The only other report in the literature, 
from Buenos Aires, concerns two cases of empyema treated by intrapleural 
injections of streptomycin; the immediate improvement which occurred was 
not sustained when therapy had to be discontinued because the supply of the 
drug was inadequate.® 

This communication, the sixth in a series dealing with the treatment of 
surgical infections by streptomycin in U. S. Army hospitals, is concerned 
with the results of this type of therapy in lung abscess and in empyema of 
both tuberculous and nontuberculous origin. The material, which was sup- 
plied to the Office of the Surgeon General by participating Army hospitals, 
consists of three cases of lung abscess, five cases of non-tuberculous empyema 
and nine cases of tuberculous empyema. Critical analysis of the case reports 
which make up this small series has permitted certain conclusions as to the 
efficacy of streptomycin therap}' in these conditions. 

LUNG ABSCESS 

Case 1. — A 39-year-old man, following a “head cold” of five weeks’ duration, devel- 
oped a productive cough, fever, sweats, and shortness of breath. He entered the hospital 


* Submitted for publication, February'. 1948. 
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in the sixth week of his illness, during an acute exacerbation of these symptoms. Physical 
examination and roentgenographic studies were consistent with a diagnosis of abscess of 
the right upper lobe. Penicillin given intramuscularly in doses of 40,000 units every three 
hours and general supportive measures produced no results at the end of 6 days. On the 
following day thoracotomy was performed, the findings including a cavity approximately 
10x5x10 cm. and a bronchopleural fistula. Open drainage was instituted and a pack 
was applied. Culture of the pus yielded mixed organisms, including pneumococci. 

After operation penicillin was continued by the preoperative routine and was supple- 
mented by streptomycin given in 0.6 Gm. doses intramuscularly every 4 hours. In addition, 
a streptomycin solution containing 2 mg. of the drug per ml. was instilled 3 times 
daily onto the pack in the abscess cavity; the solution was nonirritating and it seemed to 
reduce to a considerable degree both the odor and the amount of the drainage. The patient 
demonstrated progressive clinical improvement and after the fifth day had no temperature 
elevations. Serial roentgenograms revealed subsidence of the pneumonitis surrounding the 
lung abscess and a progressive decrease in the size of the cavity. 

Case 2. — A 29-year-old man entered the hospital with a far-advanced bronchiectasis 
involving all the lobes of the right lung, an abscess of the right lower lobe, a severe cough 
productive of 75 to ISO ml. of foul sputum dail}', and a 60-pound weight loss. His 
illness had been of two years’ duration. 

Inhalations of penicillin, repeated bronchoscopic aspirations, postural drainage and 
supportive therapy were without effect. Repeated examination of the sputum revealed 
numerous gram-negative organisms, but no acid-fast bacilli. Parenteral streptomycin 
therapy was therefore begun, with the hope of bringing about healing of the lung abscess, 
and 290 Gm. were given over a 76-day period. The sputum expectorated did not decrease 
in amount, and there was continued destruction of the lung tissue around the abscess. 
Death occurred three days after streptomycin had been discontinued. 

Case 3 . — A 25-year-old soldier developed extensive cavitation of the right lower lobe 
subsequent to pneumonitis. During 8 days of treatment with penicillin the temperature 
averaged 102° F. Cultures of the sputum revealed a variety of streptomycin-sensitive gram- 
negative bacilli and gram-positive cocci. No immediate response followed the parenteral 
administration of streptomycin in dosages of 1 Gm, daily, and on the fifth da 3 ’' of treat- 
ment roentgenograms revealed no change in the extent of cavitation. The following day, 
however, the patient coughed up a large amount of sanguinopurulent material and the 
temperature promptly returned to normal. 

COMMENT 

The role of streptomycin is difficult to evaluate in the first of these three 
cases, since sensitivity tests were not carried out on the bacterial cultures and 
penicillin was given before operation as well as in combination with strepto- 
mycin after operation. The only positive results were noted after local instilla- 
tions of streptomycin, in the form of a decrease in the odor and amount of 
drainage. It is possible that this patient might have responded just as well 
if streptorriycin had been omitted and treatment had been limited to surgery 
and penicillin. In the second case the pathologic changes, which were far 
advanced and of a progressive character, were not influenced by a 76 -day 
course of streptomycin. In the third case, in which a relatively early lung 
abscess was caused by streptomycin-sensitive organisms, the administration 
of the antibiotic was possibly helpful in reversing the progress of the infection. 
The evacuation of pus and the subsequent alteration of the course of the dis- 
ease occurred after only six days of streptomycin therapy, it is true, but it is 
well known that edema of the main bronchi and immediate branches may 
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respond favorably after only a few days of specific chemotherapy. The dosage 
in this case, 1 Gm. per day, is lower than the usual dosage, but was apparently 
adequate in this instance. 

NONTUBERCULOUS EMPYEMA 

Case 4. — ^A 26-year-old man, following a nontraumatic perforation .of the sigmoid 
colon, successively developed peritonitis, a right-sided subdiaphragmatic abscess, and a 
severe right-sided empyema. When the subdiaphragmatic abscess was drained a probable 
intrahepatic abscess was demonstrated. Shortly afterward a massive collapse of the right 
lung occurred. It partially re-expanded, but the patient’s condition became critical. 

Culture of pus from the chest, 150 ml. of which was removed by thoracentesis, 
revealed Escherichia coli as the predominating organism. Streptomycin therapy was there- 
fore begun, in the amount of 2.4 Gm. daily by the intramuscular route and 2.0 Gm. daily 
by the intrapleural route, after aspiration. The result was prompt and gratifying. The 
temperature, pulse and respiration fell to normal levels, there was no further weight 
loss, and the patient’s appetite improved. By the end of 26 days of treatment his condition 
was sufficiently stabilized for right thoracotomy to be done, with drainage of the residual 
empyema. Streptomycin was continued by the intramuscular route for 8 days after opera- 
tion; at the end of this time the temperature was normal. The patient remained perma- 
nently afebrile and the empyema cavity ultimately was obliterated. 

Case 5. — This patient, a 24-year-old man, required thoracotomy with open drainage 
for a right-sided empyema following peritonitis of appendiceal origin. Cultures of the 
pus from the chest grew mixed aerobic and anaerobic gram-negative rods and gram- 
positive cocci, all of which were susceptible to streptomycin. After operation penicillin 
in dosages usually adequate (320,000 units per day) failed to produce the usual results, 
and on the fourth postoperative day streptomycin, in dosages of 3 Gm. daily, was added 
to the therapeutic regimen. Progressive improvement occurred and was sustained when 
therapy was discontinued at the end of 13 days. At the end of 2 weeks the temperature was 
normal and the empyema cavity, which had become greatly reduced in size, was continuing 
to close rapidly. 

Case 6. — A 21-year-old soldier, who sustained a penetrating pistol shot wound of the 
left chest, with hemopneumothorax, had been treated overseas with intercostal tube 
drainage, supportive therapy, and 30,000 units of penicillin intramuscularly every 3 hours. 
In the Zone of Interior cultures from the lesion revealed staphylococci and Klebsiella 
pneumoniae, both of which were sensitive to streptomycin. Roentgenograms showed two 
distinct pockets of fluid. 

Penicillin was administered in adequate dosages for 2 weeks, without demonstrable 
clinical response. Streptomycin was then added to the regimen in the amount of 1.2 Gm. 
daily by the intramuscular route. In addition, daily thoracenteses were carried out in the 
pockets not drained by the intercostal tube and were followed by instillations of 200 ml. 
of a solution containing 0.5 Gm. of streptomycin and 40,000 units of penicillin. The 
response was dramatic clinically as well as bacteriologically. On the second day of treat- 
ment the aspirate grew onlj'^ Staphylococcus aureus and on the fourth day it was clear and 
sterile. There was no temperature elevation after the fourth day. Intramuscular injections 
of both antibiotics were continued for 7 days and intrapleural injections for 10 days. The 
fluid in the chest became progressively clearer and scantier, and at the end of 2 months 
was completely absorbed. 

Case 7. — ^An 18-year-old soldier with unresolved pneumonia of the left lower lobe 
on a bronchiectatic basis developed an acute sacculated empyema of the left pleural cavity 
with a pronounced constitutional reaction. Aspiration yielded thick greenish-yellow pus 
from which streptomycin-sensitive Hemophilus influencae and anaerobic nonhemolytic 
streptococci were gro4vn. 

Penicillin and sulfadiazine were both ineffective. Streptomycin (0.5 Gm. by the intra- 
muscular route) was then given every four hours for ten days. At the same time, an 
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attempt was made daily or every second day to empty the various loculated empyema 
cavities and to replace the aspirate with 0.25 Gm. of streptomycin in solution. For 3 days 
after this treatment was begun the temperature was lower and the patient improved 
appreciably. Then drainage of the pockets by aspiration became increasingly difficult and 
the temperature returned to its formerly high peaks. Eventually the cavity was com- 
pletely obliterated by thoracotomy with open drainage, under cover of parenteral peni- 
cillin and streptomycin. Three months later a plastic operation on the chest wall was 
carried out, and the soldier was in good condition when he was subsequently separated 
from Service. 

Case 8. — A 38-year-old man, first seen in June, 1947, had a persistent empyema cavity 
as the result of a shell fragment wound in 1944. A thoracotomy and several thoracoplasties 
had been ineffective. In July, 1946, decortication of the empyema space was followed by 
a breakdown of the wound, which eventuated in a saucerized cavity and the exposure of 
a large area of visceral pleura. Hemolytic Staphylococcus aure:is infection was persistent 
and the course was septic. An attempt at a split thickness skin graft was not successful. 

In July, 1947, culture of material from the empyema cavity again yielded hemolytic 
Staphylococcus aureus, which was now resistant to penicillin. The organism was, however, 
sensitive to streptomycin, which was given in dosages of 2 Gm. daily by the intramuscular 
route. The temperature almost immediately returned to normal and the amount of drain- 
age decreased. The cavity was then packed with gauze saturated with 1 Gm. of strepto- 
mycin in physiologic salt solution, and several negative cultures were secured over a 
10-day period. It was now possible to carry out decortication of the visceral pleura, a 
plastic operation on the thoracic muscles, and closure of the chest wall. The wound 
healed promptly and firmly and the patient was in good health when he left the hospital 
after operation. 

COMMENT 

In this group the two patients with empyema complicating peritonitis of 
fecal origin undoubtedly derived a beneficial cumulative effect from strepto- 
mycin-penicillin therapy employed as an adjuvant to adequate surgical drain- 
age. In Case 4, in fact, streptomycin therapy was probably life-saving. In 
Case 6, in which the empyema originated in a combat injury, the results were 
equally good; the elimination of streptomycin-sensitive organisms and then 
of penicillin-sensitive staphylococci might not have been achieved had either 
antibiotic been employed singly. Case 7 emphasizes the difficulties and unwis- 
dom of attempting to manage a loculated empyema cavity without adequate 
surgical drainage. Streptomycin was not effective, and could not have been 
expected to be effective, until thoracotomy had been carried out. Case 8 
illustrates radical curative surgery which was made possible by the judicious 
local application of streptomycin. The systemic use of the antibiotic would not 
have been effective alone in this case since bacteriostatic concentrations by 
way of the blood stream are not achieved in fibrotic, poorly vascularized 
tissues. In this case the indications for streptomycin therapy were clear-cut, 
as the staphylococci had lost their susceptibility to penicillin. 

TUBERCULOUS EMPYEMA 

Streptomycin was tested in Army hospitals in nine cases of tuberculous 
empyema, six of which were treated by surgical measures also. One of the 
patients treated only by medical measures had advanced chronic pulmonar\' 
tuberculosis of all lobes of the left lung, a right bronchopleural fistula, and a 
mixed tuberculous empyema for which open thoracotomy had been done. The 
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daily dosage of streptomycin consisted of three Gm. by the intramuscular 
route, with an additional one to two Gm. directed through the thoracotomy 
wound by means .of the aerosol spray. The first response was encouraging. 
Over a period of two months drainage decreased, healthy granulations devel- 
oped around the wound, and the fistula closed. The fistulous tract, however, 
reopened within the month, in spite of continued treatment, and the exudate 
was found to contain acid-fast bacilli. Streptomycin was discontinued at the 
end of five months, after a total of 600 Gm. had been given, when it appeared 
obvious that it was accomplishing nothing. 

The two other patients treated by medical means each received two Gm. of 
streptomycin daily by the intramuscular route, supplemented by numerous 
instillations of one Gm. or more of streptomycin solution into the pleural 
cavity after aspiration of the fluid. Each of the patients had tuberculous em- 
pyema and a bronchopleural fistula secondary to moderately advanced pul- 
monary tuberculosis. At the end of 120 days of treatment there was no clinical 
improvement in either case and roentgenograms revealed that the parenchymal 
lesions had not been favorably influenced. 

Two of the six patients treated by surgical measures had been submitted to 
closed tube drainage. Each received 87 Gm. of streptomycin by the parenteral 
and pleural routes over a period of 55 days. The first patient was not only 
unimproved, but was actually worse at the end of the therapeutic trial. The 
second, whose tube was removed, showed no improvement until penicillin was 
combined with the streptomycin solution which was instilled intrapleurally 
after straphylococci had been isolated from the exudate. After 15 days of the 
combined treatment all thoracenteses were dry. 

In four cases of tuberculous empyema streptomycin was used as an adjuvant 
to extensive surgery, as follows : 

Case 9. — A 38-year-old negro man with moderately advanced tuberculosis of the right 
lung developed a mixed tuberculous empyema of the right pleural cavity. Examinations 
of the sputum were consistently negative for acid-fast bacilli but cultures from the 
empyema cavity were positive on several occasions, and were also positive for hemolytic 
Staphylococcus aureus. After the cavity had been unroofed and exteriorized, roentgeno- 
grams showed another large pocket in the right hemothorax; the parietal pleura was 
greatly thickened and the right lung was compressed to about a quarter of its normal 
volume. Penicillin by the parenteral route and azochloramid used locally were not effec- 
tive, but over the next four months, under the influence of bed rest and supportive therapy, 
the temperature gradually fell to 99° F. Thoracoplasty, followed by two revisions, failed 
to eradicate the infection and close the cavity. 

Two months later, when the patient began to expectorate rather large amounts of 
frothy sputum,- repeated examinations of the sputum were still negative for acid-fast bacilli. 
Streptomycin therapy was instituted at this time, and 2 Gm. were given daily for 185 days. 
The patient’s cough decreased and became less productive, drainage from the empyema 
stoma became negligible, his general condition showed progressive improvement, he began 
to gain weight, and the residual fistula eventually closed. The final roentgenogram showed 
the left lung clear, while on the right there was complete compression of the entire lung 
field, with no evidence of any empyema space. 

Case 10. — A 31-year-old man with far advanced chronic active pulmonary tuberculosis 
of the upper left lobe, associated with cavitation and left tuberculous empyema, was 
submitted to thoracoplasty in March, 1943. He was readmitted to the hospital in 1946 
because of residual cavitation in the left upper lobe, under the thoracoplasty. Lobectomy 
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had been contemplated, and in preparation for the operation streptomycin was given 
parenterally in a dosage of 2 Gm. daily for 98 days, but six weeks after antibiotic therapy 
was begun the empyema cavity was merely unroofed and a revision thoracoplasty was 
carried out Cultures were negative for pyogenic organisms but positive for acid-fast 
bacilli. 

Repeated aspirations of the empyema cavity were done after operation. The fluid 
gradually decreased in amount and became thinner, and the space was dry within about 
6 weeks. Roentgenograms showed satisfactory collapse of the cavity. The patient was 
now symptom-free and there was no evidence of a spread of the disease to the unaf- 
fected lung. 

Case 11.— -A 38-year-old man with chronic active pulmonary tuberculosis of the right 
upper lobe was admitted to the hospital with a mixed right tuberculous empyema a month 
after a second-stage thoracoplasty. Culture of the exudate yielded hemolytic Staphylo- 
coccus and acid-fast bacilli. Aspirations every two days combined with penicillin replace- 
ment therapy produced no results, and it was decided that another stage thoracoplasty 
would be necessary to collapse the empyema cavity. This was done after streptomycin 
had been given intramuscularly in 2 Gm, doses for' llS days. After operation the empyema 
space was aspirated 3 times weekly, from 50 to 100 ml. of fluid being withdrawn 
each time. An anterior fourth stage thoracoplasty was performed 17 days after the third 
stage. The wound healed per primam. Aspirations of the cavity returned dry on the 
39th day after operation. Repeated sputum examinations were negative for acid- 
fast bacilli, and there was no apparent spread of the tuberculous lesion to the intact lung. 

Case 12. — A 30-year-old man was admitted to the hospital with numerous draining 
pleurocutaneous tuberculous sinuses. Thoracotomy had been necessary for a penetrating 
wound of the right chest and tuberculosis was later found to be responsible for the per- 
sistent drainage, which had not been checked by several revisions of the thoracotomy 
and by decortication. Although unroofing of the cavity resulted in a decrease in its size, 
the sinuses remained open. Streptomycin was then given daily for 60 days in 2 Gm. doses. 
After 5 weeks of therapy the sinuses closed completely and remained closed when the 
antibiotic was withdrawn 25 days later. 

COMMENT 

The three cases of tuberculous empyema treated only by medical measures 
make clear that streptomycin is not of value in chronic productive tuberculosis. 
They also make clear that bronchopleural fistulas and empyema of tuberculous 
origin will not improve under this form of treatment if parenchymal lesions 
remain unimproved. In one of the cases treated by closed tube drainage the 
patient became worse under streptomycin therapy, but the other, similarly 
treated case illustrates the advantages of combined therapy, which were also 
apparent in the case of nontuberculous empyema treated by both penicillin 
and streptomycin (Case 2). 

In the first of the four cases in which streptomycin was used as an adjuvant 
to extensive surgery (Case 9) the closure of the residual fistula could be 
attributed not only, to the consequence of compression of the parenchymal 
lesion but also to the direct bacteriostatic action of the drug on the offending 
bacteria. In the second case (Case 10), in which the empyema was of purely 
tuberculous origin, it would seem that streptomycin was of value in changing 
the character and consistency of the exudate, thus permitting a rapid obliter- 
ation by the surgery employed to bring about collapse. In the third case (Case 
11) streptomycin made possible the treatment of a mixed empyema as a 
purely tuberculous empyema ; good results were obtained by aspirations and 
surgical collapse. In this case streptomycin was administered only bv the 
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intramuscular route. In the fourth case in this group (Case 12) streptomycin 
was also administered only parenterally, but its effect on the underlying focus 
was apparently such that residual fistulas were obliterated. 

The series, small as it is, permits a preliminary definition of the uses of 
streptomycin in pulmonary tuberculosis complicated by empyema: 1. Strep- 
tomycin by the intramuscular or the intrapleural route or both may suppress 
the pyogenic organisms in a mixed tuberculous empyema and permit the case 
to be managed as if it were a purely tuberculous empyema. It may be advan- 
tageous, however, to add penicillin to the therapeutic regimen, to obtain an 
immediate, maximal suppression of the secondary invaders. 2. The bacterio- 
static effect of streptomycin in an open, mixed tuberculous empyema affords 
protection during extensive plastic maneuvers. 3. The use of streptomycin 
apparently is bringing about an extension of the scope of surgery in mixed 
tuberculous empyema by permitting a direct attack upon the visceral fibro- 
plastic membrane. 4. The drug is of no apparent value in the parench)TOal 
lesion of chronic productive tuberculosis complicated by empyema. 

The subject has been adequately discussed elsewhere"'- ® and need not be 
elaborated herCj'but it should be emphasized again that caution must be exer- 
cised in the employment of streptomycin over prolonged periods, because of 
possible untoward effects, particularly on the eighth cranial nerve. 

SUMMARY 

Experiences in U. S. Army hospitals with streptomycin as part of the thera- 
peutic regimen in lung abscess, nontuberculous empyema, and tuberculous 
empyema have been presented. The series of 17 cases is too small to permit 
conclusions, but certain of the results are sufficiently encouraging to warrant 
continued use of this method on the proper indications. 

Note. — The authors acknowledge with thanks the cooperation and helpful suggestions 
of Dr. L. M. Shefts, Consultant in Thoracic Surgery, Brooke General Hospital, in the 
preparation of this paper. 
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MEMOIR 

ENRIQUE FINOCHIETTO, M.D. 

(1881-1948) 

It is with sincere regret that the annaLvS of surgery announces the death 
of Dr. Enrique Finochietto on February 17 , 1948. His passing, in his sixty- 
eighth year, represents an irretrievable loss to the medical profession not only 
because a brilliant and inquiring mind has been silenced forever but also 
because the technical investigations which he and his brother, Ricardo, were 



Dr. Enrique Finochietto 


conducting at the time of his death have been left unfinished; these encyclo- 
pedic studies, which were eventually to be published in 16 volumes, repre- 
sented years of untiring research. 

Born on March 13, 1881, in Buenos Aires, Dr. Finochietto received his 
medical degree from the School of Medicine of the University of Buenos Aires 
in 1904. In 1906 he was appointed to the staff of the Rawson Hospital, in whose 
corridors his was a familiar figure during the remainder of his life. His gradu- 
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ate medical training took him not only to Europe but also to the United States, 
where he worked with Erdman and Harvey Cushing. 

For his service ad honorem at the Argentine Hospital in Paris during 
World War I he received the Legion d’Honneur. Elected president of the 
College of Surgeons of the City of Buenos Aires in 1922, he also officiated 
as president of the Fifth Argentine Congress of Surgery. He was a member 
of the Academies of Surgery or Medicine of Argentina, Madrid, Bolonia, 
Montevideo, Paris, Rio de Janeiro, and La Pas, Bolivia, 

Although Dr. Finochietto attained international recognition as a teacher, 
surgeon, and inventor, he remained modest and retiring. The numerous sur- 
gical instruments and appliances which he invented found universal application. 
His didactic methods were applauded all over the world. Ever conscious of 
the weighty responsibility of his profession he would frequently quote Faure : 

We live under the most extraordinary emotional circumstances. 

Life or death depends on us every day. A hint, a passing inspiration 
during a difficult operation, a gesture, a furtive look, might mean 
life or death. We all have this same conviction but nevertheless we 
never retreat before such a terrific responsibility. 

He unselfishly devoted his life to the good of mankind, with complete 
disregard for material benefits. Only recently he financed the complete re- 
equipping of his operating theater at Rawson Hospital. Probably the greatest 
tribute which could be paid to his technical surgical skill was paid by Lord 
Moynihan, president of the Royal College of Surgeons, who said, after wit- 
nessing Dr, Finochietto perform an operation, “If ever I have to be submitted 
to the knife, let it be by this extraordinary surgeon called Enrique Finochietto.” 

Scientist, inventor, preceptor, surgeon, and indefatigable worker, he has 
left to mankind a memory of service which will be difficult to duplicate but 
which will serve as an inspiration to all who follow him. 

— Michael E. DeBakey. 
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TRANSACTIONS 

OF THE 

AMERICAN SURGICAL 
ASSOCIATION 

MEETING HELD AT QUEBEC, CANADA, MAY 27, 28, 29, 1948. 


ADDRESS OF THE PRESIDENT 

HE SHALL HAVE A NOBLE MEMORY* 

William E. Gallie, M.D. 

, ^ , Toronto, Canada 

Article II of the Constitution of the American Surgical Association 
reads as follows : 

“The object of this Association shall be the cultivation and improve- 
ment of the science and art of surgery, the elevation of the medical pro- 
fession and such other matters as may come legitimately within its sphere.” 

In his presidential address in 1937 Dr. Evarts Graham put into the 
mouth of our founder, Dr. Samuel Gross, certain words that have inter- 
ested most of us ever since. He said “I also imagine that probably you 
have a standing committee working on the various problems concerned 
with the teaching of undergraduate surgery and with the later years of 
special training which you mentioned earlier. It is easy to see how this 
Association through a distribution of pamphlets on these subjects from 
time to time must hold the position of leadership in these important aspects 
of surgery which the founders dreamed for it.” Well, there is no doubt 
that this Association has had much to say about graduate training in sur- 
gery and has taken a leading part in the wonderful transformation that 
has taken place in it. It is not so clear, h'owever, that we have given the 
attention that our founder had in mind to the teaching of the undergraduate. 

* Read before the American Surgical Association, Quebec, Canada, Maj' 27, 1948. 
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In our meeting in Boston in 1935 you may remember that we had a 
symposium on the teaching of surgery in which Archibald, Cutler, Heuer 
and Whipple were the chief contributors and which was followed by a 
tremendous discussion by Bevan, Orr, Lewis, Pool, Rodman, Graham, 
McClure and myself. 

This discussion was of great importance for it led to the extraordinary 
improvement in the quality of the training of surgeons and of surgical spe- 
cialists that made itself so obvious during the War and is now showing its 
beneficent effect in civilian life. 

The discussion of undergraduate ' teaching, however, was much less 
productive as there seemed to be a general feeling that conditions were 
pretty satisfactory in most of the medical schools. It was agreed that the 
urgent need at the time was an improvement in the graduate training of 
the surgeon with the establishment of higher standards. It was hoped that 
the day would come when the minimal standards set up would be required 
for licensure to practise. 

But now that the programme for graduate training in surgery has been 
generally accepted it seems to me that we should go back again to the sug- 
gestion made by our founder and examine more carefully the teaching of 
the undergraduate. It is quite possible that the establishment of the training 
of the surgeon as a postgraduate study may have some effect on what the 
undergraduate should be taught. 

As the years have rolled around tremendous changes have occurred in 
surgery which have caused equally tremendous changes in our curricula. 
When I was a student I had two bedside clinics and one didactic lecture 
a week extending over two clinical years of 30 weeks each. This covered 
the whole range of surgery exclusive of the eye, ear, nose and throat. Then 
g}maecology separated off and was awarded special clinical and didactic 
hours and almost immediately this same thing happened with urology. Then 
came orthopedic surgery, neurosurgery, and plastic surgery, each with its 
own specialists and each requiring a place in the curriculum. The result 
was the addition of a third clinical year. Now come thoracic surgery, vas- 
cular surgery, cancer surgery, and what not, all requiring special curricular 
arrangements. The result is that ten times as much space is given to the 
teaching of surgery as was given in 1903. 

Now this is the phase of medical education that I wish to analyse. First 
of all, why do we teach all this surgery to medical students? Is it that con- 
ditions toda}^ are as they were 40 3'ears ago and that every graduate must 
be taught enough surgery to enable him to carry out the less difficult opera- 
tions that are indicated in general practice? Or is it that we have not made 
the changes in our curricula that our greatly changed policy in regard to 
surgery demands. This Association and all other national associations along 
with the American and Canadian colleges are committed to the principle 
that major surgery shall be done only by those who have been adequately 
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trained for it. For the j^oung men and women who wish to do surgery 
today we are demanding five 3'^ears of postgraduate supervised training plus 
the passing of stiff examinations. Then why teach the enormously increased 
amount of surgery of our present day curricula to thousands of medical 
students who are going to be physicians or public health officers or ordinary 
general practitioners ? As far as the latter are concerned, I suggest that it is 
not only unnecessary but it is actually dangerous, for as long as our state 
and provincial licensing boards continue to grant the right to practise sur- 
gery to untrained men, as they do today, this half-baked undergraduate 
training is a temptation to less scrupulous practitioners to do what they ought 
not to do. It actually tends to perpetuate the evil which our program of 
graduate training is trying to end. 

It is not for me to tell you how to overcome this anomalous situation 
whereby, as Elliott Cutler has said, the American public may legally be 
cared for, indeed subjected to a dangerous surgical procedure by a student 
who has just graduated from medical school. As far as my own country 
is concerned, however, I propose to devote much of the remainder of my 
life to an effort to provide enough properly trained surgeons to take care 
of our people and to preventing those who are not so trained from having 
a part in it. 

The answer, of course, is that we should review our curricula in the 
light of the changes that have occurred in surgery and of the new policy 
we have adopted towards it. The time has now come when the study of 
surgery must be established as a postgraduate course with not only the 
apprenticeship in hospital but also a special curriculum of studies covering 
surgery itself and all the appropriate basic sciences. In the undergraduate 
years it should be reduced to what might be described as an introduction to 
surgery with special emphasis on applied anatomy, physiology and pathology, 
on methods of examination and on the diagnosis of those diseases and in- 
juries that are ordinarily found in the Department of Surgery. I am sug- 
gesting, indeed, that the teaching of such subjects as peptic ulcer, carcinoma 
of the stomach, tumour of the brain, bronchiectasis and dozens of others 
should be either conducted by the physicians or if by us, then as phj'^sicians 
and not as surgeons. Our time will come when the young graduate is definitely 
committed to the program which we have agreed is necessar}^ for the training 
of a modern surgeon. 

Since I have been turning this subject over in my mind I have found 
a tremendous variation in the curricula of the schools scattered over the 
country, A survey made recently by the orthopedic surgeons showed a total 
lack of unanimity in regard to what should be taught and the same thing 
seems to be true of all the specialties and, indeed, of general surgery itself. 
In some schools each specialty is an entirely separate department which has 
no integration with the other departments except through the dean. The 
result is repetition, neglect of general fundamental principles and gross waste 
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of time. And even in schools where the surgical specialties are sub-depart- 
ments of general surgery the tendency is to teach the specialty rather than 
the simple fundamentals. Indeed, it has been my observation that quite 
frequently the members of the various special departments are neither 
interested in nor capable of teaching the applied physiology, biochemistry, 
and pathology which must be mastered by the undergraduate in order that 
he may understand disease. 

Along with the growth of surgery has come a corresponding increase in 
the size of the textbooks. As a Professor of Surgery I must have a dozen 
different textbooks entitled The Principles and Practice of Surgery’ all 
sent by the publishers in the hope that they would be recommended for the 
students. The preface in each case states that the book was written especially 
‘for students and practitioners’. Now as far as the undergraduates are con- 
cerned the 14 or 15 hundred pages in these books are about three times too 
many and for the practitioners, that is the surgeons, they are not nearly 
enough. It seems to me that a textbook for undergraduate students should 
be limited to ‘principles’ and should contain only minimal reference to ‘prac- 
tice’. What the student needs is help, both from his instructors and from 
his textbooks, in the art of examining the patient and eliciting and interpret- 
ing physical signs ; help, too, in understanding the underlying pathology and 
linking it up with the history, the symptons and signs, the probable diagnosis, 
the prognosis and the indications for treatment. The actual ‘practice’ is 
something for postgraduate study. 

Now I am perfectly aware that the views I am expressing here are highly 
controversial and will probably be irritating to many of us who have school 
organizations that have received my criticism. To them I offer my humble 
apologies and present as an excuse my own feeling of uncertainty and my 
sincere desire for the help of all who think of these things, to arrive at a 
good solution. It is my hope that at some time during this meeting this 
Association will see fit to appoint a committee to make a survey of the whole 
subject of undergraduate teaching of surgery in America and elsewhere and 
to bring in a report on some future occasion which will give us a true picture 
of conditions as they are at present and as we would like to see them in the 
future. 

It is my thought that this survey should cover the principal schools of 
America and Europe and that it should be based on visits to these institutions 
as well as on questionnaires. Such a survey would not be aimed at making 
comparisons of one school with another but would be directed solely towards 
finding out what is best in each in order that we may be in a position to do 
what Dr. Gross thought we should be doing in regard to the undergraduate 
teaching of surgery. 

The second problem I wsh to discuss is that of the full time professor- 
ships in surgery. It is just 20 years since I accepted such an appointment 
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and as I have been interested not only in my own difficulties but also in those 
of other full time professors I am in a position to make some comments. 

First of all let me assure you that I have no regrets and that I would do 
it again without the slightest qualm. The organization of a school for sur- 
geons was what I wanted to do more than anything else and it couldn’t be 
done except on some sort of full time basis. 

It should be appreciated, however, that it cannot be done without a great 
financial sacrifice. Unless the satisfaction that the professor gets out of his 
position and out of the opportunities which his position affords him is suffi- 
cient to outweigh the loss of private income he should not accept the 
appointment. There isn’t the remotest possibility for a first-class professor 
to command an income either from his salary or from a limited amount 
of consultation practice, comparable to what he could expect from private 
work. 

Again, when a professor accepts a full time or a modified full time ap- 
pointment he should be assured of an adequate pension when he retires. I 
have no personal cause for complaint in this regard for although my pension 
is only a token yet this was compensated for by an arrangement whereby 
my retiring time would be at the age of 65 instead of the regulation 60. 
Whether retirement comes, however at 65 or 60 there should be an adequate 
pension for there isn’t a chance in the world, no matter how distinguished 
and accomplished the professor may be, of picking up private practice again 
in competition .with the young men he has trained. This business of 
dropping a professor of surgery at 60 or thereabouts without an adequate 
pension is sure to prevent us, in the long run, from getting the best men 
for the full time chairs. 

The selection of the Professor of Surgery, next to that of the Professor 
of Medicine is the most important duty of the Dean. Having in mind that 
the most important duty of a professor is the training of surgeons, I would 
recommend to the Dean that he select as Professor of Surgery a first-class 
surgeon who can command the respect and admiration of his students. There 
is nothing sadder than to see a great chair occupied by a well meaning man 
who arouses in his colleagues and students a feeling of pity. If I were a 
young fellow again embarking on a surgical training I would pick out for 
my teacher one of the young professors in this society, particularly one with 
a stimulating personality, an enquiring turn of mind, and a background of 
training and performance that left no doubt that he was a good surgeon. 
Indeed, I expect that is what we all did. 

The point, however, that tliis professor must be a first-class surgeon calls 
for comment. I note a tendency from time to time to appoint as professors 
men who are so young that they have never been heard of as surgeons. 
They may have had excellent training in hospital and laboratory, they may 
have done good research work and tliey may be good lecturers and clinicians 
but is there any certainty that they are really good surgeons? Would you 
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have them make the decision and carry out the treatment if you were 
desperately ill? It is considerations such as these that make me think that 
the new professors should not be selected from those who have recently 
completed their training but rather from those whose early maturity has 
confirmed the promise of the their youth. 

I hope these remarks will not be considered reactionary for I am in 
hearty sympathy with the modern tendency to require in professors a broad 
training in physiology and biochemistry and an ability to use it in surgical 
research. All I am doing is making the selection of the professor more 
difficult by demanding that he be also a good surgeon. 

The question of whether the professor shall be selected from the surgical 
specialists or from the so-called general surgeons, whom the specialists refer 
to as specialists in the small part of surgery that is left to them, namely the 
abdomen, thyroid and breast, is a difficult one. Many of the chairs of 
surgery in America have been and are occupied by most distinguished 
specialists. It is my impression, however, that unless such professors revert 
to the general surgery from which they came, they cannot give the leadership 
of the whole department that their position demands. They often act simply 
as chairmen of the department and exert their influence in an executive way 
rather than by leadership. While there is no harm in a professor knowing 
a great deal about some small part of surgery, it is equally essential that 
he know a great deal, or at any rate, a considerable amount about all 
branches of surgery. 

This means, (if it is true) that the professor must be very specially 
trained. Not only must he have had adequate experience in anatomy, physi- 
ology and biochemistry, preferably with research experience in at least one 
of them, but he must have had a very broad training in surgery itself, in- 
cluding neurosurgery, orthopedic surgery, urology, thoracic surgery and so 
on, and he must be competent to discuss the general problems that arise in 
each. It begins to look, therefore, as if the candidates for the chairs will 
have to plan their training a long way back and with academic life definitely 
in mind in order that they may have the broad education that their position 
requires. 

Looking over the field in America and Great Britain it seems to me that 
the places where the so-called full time professorships have worked best 
are those where the professor is also surgeon-in-chief of the hospital. Under 
such circumstances, if he is the ideal man for the appointment, the whole 
surgical service will have the benefit of his leadership and the school and 
the hospital will work as a unit. In those instances where the professorial 
unit comprises only one of several surgical services, and is on an equal basis 
and in competition with them, there is unhappiness and often bitterness. The 
professor and his full time staff, on salaries of a certain amount, look on 
their colleagues on the other services as rolling in wealth and the effect 
is demoralizing. The other services respond by belittling the professorial 
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service as composed of men who can face only a protected existence and 
could not compete in the open market. And so it goes. After looking them 
all over I wouldn’t accept a chair of surgery unless it carried with it the 
post of a surgeon-in-chief of the main university hospital. 

Looking back over the years of the full time professorships in America 
I would say that they have come to stay. You cannot run a first class school 
and particularly a first class postgraduate school for surgeons without them. 
To make the show go the professor must be on the job morning, noon, and 
night. He must teach and he must teach others to teach; he must operate 
and he must teach others to operate; and he must lead in research and 
act as a constant liaison with all the research departments. When you 
add to this the never ending rounds, staff meetings, committee meetings, 
and everything else it is easily seen that the day of the old time professor 
with the large private practice is over. 

On the other hand the experiment of the full time professorship, in 
spite of the difficulties that have been encountered, has worked amazingly 
well. Under this system the departments of surgery have flourished; re- 
search, as evidenced in our program to-day, has taken on a new life; 
and schools for the training of surgeons have sprung up everywhere. 
Indeed the chief accomplishment of the full time professor up to the 
present has been the establishment of our modern system of graduate 
training for surgeons. The standards which have been set up by the 
Colleges of Surgery and the various Boards have been accepted by the 
schools and there is little doubt that the quality of the candidates for 
fellowship or for certification is being steadily improved. 

The setting of high standards, howeyer, brings with it the necessity 
for special instruction. It wasn’t long after the establishment of the Royal 
College examinations in Canada that a demand arose for refresher courses 
and special instructional classes that would prepare the candidates for the 
examinations. At first these were conducted extramurally by private ar- 
rangement, but more recently the universities have recognized their respon- 
sibility and have established postgraduate curricula for the residents and 
assistant residents in training. These graduate students, ' in addition to 
their routine work in the hospital, now take regular courses in anatomy, 
physiology, biochemistry, pathology and surgery. 

Placed as we Canadians are in close relationship both to the British 
and to the Americans, we are in an excellent position to observe the 
working of each system. I am of the opinion that the English students 
going up for their fellowship examinations are infinitely better prepared in 
the basic medical sciences than are ours. On the other hand they have 
had nothing like the practical supervised hospital training that our men 
have had. In our recent visit to England, however, we found that full 
time professorial chairs are being established all over the countrj' and 
that plans are being laid for adequate graduate training comparable to 
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the system here. I wish I felt sure that we were as aware of the weak 
spot in our system, that is, in the basic sciences, as the English are of theirs. 

You will recall the brilliant address of our president. Dr. David Cheever, 
when he drew attention to the fact that the teaching and the study of 
anatomy on this side of the Atlantic had fallen on evil days, was largely 
in the hands of Arts professors and from the standpoint of the surgeon 
had suffered a complete eclipse. 

Well, what have we done about it? Serving as I have on the Com- 
mittee on Graduate Training in the American College of Surgeons I have 
heard a lot of chatter about adequate training in the basic sciences, but 
I haven’t heard much about our residents going back to the dissecting room 
to learn their anatomy properly. Until they do I am perfectly sure they will 
not be able to make a first class physical examination. The surgeon, when 
he looks at a limb, an abdomen, or a neck, should be able to see right 
through it. 

The remedy, it seems to me, is twofold. First, we should require the 
candidates for fellowship or certification to pass a stiff examination in 
all the basic medical sciences as well as in surgery. Second, we should 
plan the four or five years of internship so that the students can receive 
such really first class instruction in these subjects that they can face the 
examination with equanimity. 

When I began thinking over what I might say that would be of in- 
terest to the Association I fully made up my mind that a serious discus- 
sion of a scientific subject by an old fellow who is looking mostly on the 
past would be out of place. However, knowing as I do that the younger 
members come here to learn scientific surgery and not to discuss medical 
education I have decided to close my address in a lighter vein \vith some 
observations calculated to wake them up and perhaps to irritate them. 

First of all I wish to suggest that surgeons as a class are grossly un- 
scientific. When one remembers that our daily work involves the health 
and indeed the very lives of our patients is it not appalling that it takes 
us so long to learn the truth about anything? Take, for example, the sur- 
gical treatment of duodenal ulcer. Forty years ago the first gastroenteros- 
tomy was performed. Within a decade, through the influence of a few 
strong personalities it swept over the whole world and hundreds of thousands 
of patients were submitted to it. It took us twenty more years to find out 
that it was all nonsense. And why? The answer is, failure to study the 
effect of the operation on animals, failure to conduct adequate follow up 
studies on patients and failure to try to understand and to apply the simple 
rules of statistics. Let me suggest that each of us take the current issues 
of the best known surgical journals and see how many of the papers are 
based on anything but wishful thinking. 

I bring the subject up in order to introduce my pet hobby of the use of' 
foreign bodies in surgery. Please do not think that I am objecting seriously 


328 



Volume 128 
Number 3 


PRESIDENTIAL ADDRESS 


to their use, for the largest part of my practice nowadays consists of taking 
them out. I simply want to draw your attention to our gross neglect of the 
scientific method. 

A review of all the operations involving the introduction of foreign 
bodies would fill a book. Murphy’s button, McGraw’s ligature, vitallium 
bile duct tubes, have all given place to more physiological procedures de- 
signed to imitate as closely as possible the normal. Lane plates, vitallium 
plates, and now tantalum plates each have their proponents and each have 
their proportion of disastrous results. Stader splints, Roger Anderson pins, 
Smith-Petersen nails, icetongs, Steinman pins, Kirschner wires, Parham 
bands, and Kunscher nails have all given rise to special surgical techniques 
designed to undo the harm they have done. Some of them, such as the Stein- 
man pin or Kirschner wire through the oscalcis can cause an osteom3'elitis 
of the body of that bone that we haven’t yet learned how to cure. Then 
there are the silver plates, gold plates, celluloid plates, acrylic plates and 
tantalum plates used in the repair of defects in the skull. Each has been 
strongly advocated in our surgical journals without a shred of scientific 
support, except that the patients seem to survive the operations. And be- 
sides all this we have the never ending squabble about sutures — silk threads, 
linen threads, cotton threads, and catgut, each surgeon thinking that the rea- 
son his results are so much better than he expected is because of his special 
material or of the way he uses it. And now we are in the midst of the steel 
wire era. This is particularly annoying to me because in dealing with the 
postoperative hernias which result from the use of these cutting sutures I 
invariably spoil the edges of my knives. The other day I saw a man with 
an infected finger which had resulted from a puncture by the end of one of 
these wires which had worked its way out of a recent hernia wound and got 
mixed up with the contents of his trousers pocket. 

Seriously, however, the matter does call for some consideration. I am 
not one to condemn holus bolus the use of foreign bodies in surgery for I 
know full well that great advances have been made because of them. And 
often enough, as in the case of the Murphy button, the combination of the 
good and the harm that they did has led to a really successful solution of a 
difficulty.' On the other hand, the complications, the failures, and the actual 
disasters that have attended their use have been so universal that there isn’t 
any question we should pause before using them. If it is obvious that to do 
a great good we must do a little harm then we must go ahead and do it, but 
if the desired result can be obtained without the risk attending a little harm 
then we should by all means avoid it. It Avould seem particularly important 
that when the ingenious surgeon feels the urge to add some new foreign 
body to our armamentarium he should pause and see whether he cannot 
then and there figure out the physiological procedure by Avhich his bright 
idea, if it reall)' is a good one, will surely be replaced. 

I said a moment ago that we are ver}' unscientific. I had in mind the 
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abandon with which we try out new ideas on patients without studying the 
results on animals ; and also our naivety in thinking that an experience of a 
few cases justifies final conclusions and the publication of results. Have 
you ever noticed how a street railway or a bus company will count the pas- 
sengers at certain points, day after day, before making a change in the 
route ; or how a hydraulic engineer will measure the rate of flow of a stream 
at every month in the year before developing his plans for harnessing it? 
But these are studies which involve nothing but the expenditure of money, 
whereas we are dealing with human lives. How much more important, 
therefore, that we should test our ideas thoroughly before trying them on 
our patients or committing them to print. 

Membership in this Association is a wonderful thing. I remember the 
thrill of delight with which I read the telegrams of congratulation that came 
in one Saturday afternoon after my election. I recall, too, the wonderful 
stimulation I have received from my unbroken attendance at its meetings 
for the past 26 years. Nothing that could have happened to me could have 
helped me more on the rough road of a surgical career. 

The recollection of these early years stirs me to repeat what several 
of my predecessors in this chair have said, namely, that in selecting our new 
members each year we should choose young men who have a large part of 
their productive career ahead of them and who give promise of being able 
to take part in our discussions in a constructive wa}^; men who as a result 
of close association with the distinguished members of our Society may de- 
velop even more fully than they could otherwise have done. It seems to me 
that we should reserve the election of men who are close to or past the re- 
tiring age — to a very distinguished few — no matter how distinguished they 
may be. 

Our membership, indeed, is divided according to age into three broad 
groups. First and most important are the young, upon whom we must de- 
pend for the advancement of our art and science. Then come the middle 
aged who represent success and who are in command of our educational 
programme. To them let me recall the demand of our people from the At- 
lantic to the Pacific and from Hudson’s Bay to the Rio Grande for first class 
surgical care. To provide it we must turn out hundreds of well qualified 
men every year. This means that every medical school and every first class 
hospital must join together in providing our young graduates with the neces- 
sary years of supervised internship and residency and with well planned 
postgraduate courses in anatomy, physiology, biochemistry, and surgery. 
Unless we present our candidates properly trained our Board of Surger)' 
and our Colleges of Surgeons, because of the standards they are setting, 
will defeat rather than help in providing for the surgical care of our people. 

I suggest that for the next 20 or 30 years the chief duty of the members of 
this Association is to give leadership and guidance in this great program 
of Graduate Training in Surgery. 


330 



Volume 128 
Number 3 


PRESIDENTIAL ADDRESS 


And finally, there is among our membership a smaller group who once 
belonged to the other two but who, because of the lapse of time are now 
senior members. I note with sadness that there are only ten men here today 
who were present at my first meeting and that there are onl}^ 25 members 
left of the 200 who were members then. The loss this year of our beloved 
President, Elliott Cutler, of our distinguished Honorary Member, Sir John 
Fraser, the Principal of Edinburgh University, and of my close friends John 
McCreary, Roscoe Graham, and Fraser Gurd and William Darrach livings 
thoughts that are sad indeed. On behalf of those who are in the senior group, 
, however, let me assure you that we shall be coming to these meetings as long 
as we can walk. We want to see and hear the new members, to mingle witli 
the young men who we hope will carry the traditions of the Society to even 
greater glories than in the past, and to renew our delightful associations with 
old friends. That you from time to time honour one of us b}^ electing him 
to be your President brings great happiness to us all. 
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Although there has been great improvement in the results follow- 
ing repair of strictures of the common duct during recent years, the out- 
come is far from that desired. Since the results are by no means perfect, 
and since such a large percentage of strictures are caused by operative 
trauma, meticulous attention must be' paid to the technic of operations on 
the biliar}'^ tract in the prevention of these lesions. 


etiology of strictures of the common duct 

In our series of 49 patients, operative trauma could be identified as the 
direct cause of the stricture in 65 per cent (Table I). In this group jaun- 
dice or a biliary fistula developed in one to three days following an opera- 
tion on the biliary tract (usually cholecystectomy). 

Numerous mechanisms in production of operative trauma are possible 
(Fig. 1). Perhaps the most common is excision of a mobile common duct 
which is placed under tension by traction on the gallbladder; the common 
duct is erroneously identified as part of the cystic and a portion excised. 
Another common mechanism is ligation of a portion or all of the duct with 
a bleeding vessel. It is possible that when considerable effort is made to 
ligate the cystic duct close to the common, the latter structure may be dam- 
aged. Occasionally, the duct is damaged during gastrectomy or traumatized 
sufficiently during choledochostomy to result in stricture formation ; how- 
ever, in our series none of the strictures could be attributed to either of 
these two causes. 

In 11 patients, or 23 per cent of our series, an interval of three months 
to six years lapsed following the operation on the biliary tract before evi- 
dence of the stricture developed. The mechanism in production of these de- 
layed strictures is poorly understood, but the authors agree with the original 
contention of Judd^, that a gradual obliterative cholangitis does occur and 
appears to be related primarily to inflammation. There are several possible 
causes of this inflammatorj’^ process in the wall of the common duct. The 
authors believe that a collection of bile overlying the common duct is a 
common cause of delayed formation of a stricture. A small abscess might 
produce a stenosis in the same manner. On other occasions neither of these 
two mechanisms appear to exert a role in production of the stricture. We 

* Read before the American Surgical Association, Quebec, Canada, May 27, 1948. 
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have had the same experience noted by Judd years ago, that a common duct 
obser^^ed at one operation was relatively normal in size, but at another 
operation several months later had stenosed down to a mere fibrous cord. 



Fig. J. — Mechanisms in production of stricture of the common duct ; (A) trans- 
fixion with a needle; (B) ligation with the cj^stic duct; (C) ligation of the cystic 
duct too close to the common; (D) diffuse sclerosing pancreatitis; (E) chlolangitis ; 
(F) ulceration of the wall by stone; (G) abscess or local collection of bile. (From 
Cole, Ireneus and Reynolds, in Strictures of the Common Duct, Interscience Publish- 
ing Co.. New York. In Press.) 


Large masses of catgut and ligated tissue left adjacent to the common duct 
at the time of cholecystectomy might act as the source of an inflammatory 
process. On some occasions pylephlebitis appears to be the cause of the 
inflammatory stenosis. We have had four patients in our series of patients 
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with stricture who had pylephlebitis; it seems possible that this lesion may 
have been the primary etiologic factor in the production of stricture in 
these cases, primarily by contact infection. 

In five patients, or 10 per cent of the series, the stricture was due to 
chronic pancreatitis of the diffuse fibrosing type. In two of these the 
obstruction was not complete. 

Other factors such as pancreatic cysts, ulceration due to gall stones, 
etc., exist, but are relatively uncommon. 

PREVENTION OF STRICTURES 

Numerous measures can be utilized in operations on the biliary tract to 
prevent trauma to the common duct. If particular attention is paid to these 
Table I. — Carnes of Benign Strictures of the Common Bile Duct 
(In Our Series of 49 Patients*) 



No. of 

Per 

Operative trauma- 

Cases 

Cent 

(none following choleclochostomy 


% 

or gastrectomy) 

Inflammation 

32 

65 

(some possibly related to trauma) 

11 

23 

Chronic pancreatitis 

5 

10 

Pancreatic cyst 

1 

2 

Total 

49 

100 


*Only 4 patients (excluding the pancreatitis cases) were 
jaundiced before the original operation. 

prophylactic measures the incidence of trauma will be diminished. Space 
does not permit detailed discussion of the measures, but they will be enu- 
merated briefly below, 

1. Maintain carefulness, and refrain from hurry while dissecting struc- 
tures near the common duct. 

2. Obtain good exposure of the region about the common duct with 
a long incision. The incision may be oblique, transverse or longi- 
tudinal, but should be of sufficient length to give adequate exposure. 

3. Obtain adequate relaxation with the proper anesthetic. Ether is an 
adequate anesthetic in obtaining this relaxation, but cyclopropane 
and curare are likewise effectir^e. 

4. Isolate the junction of the common duct and the cystic duct before 
ligating the latter structure. 

5. Ligate no artery until it is proven that it enters the gallbladder. 

6. Ligate the cystic duct and artery separately. 

7. Cut no structure until it is identified. 

8. Ligate the cystic duct at least inch from the common duct. This 
distance will protect the common duct and likewise prevent refor- 
mation of a bulbous tip. 
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9. Control hemorrhage by pressure with the index finger of the left 
hand in the foramen of Winslow against the thumb, so the bleed- 
ing point can be controlled by compressing the hepatic artery. By 
gradual release of compression the bleeding point can be identified 
and caught accurately with an artery forcep. 

10. If adhesions are dense around the common duct, start dissection at 
the fundus of the gallbladder and ligate the duct or ampulla high. 

11. Eradicate gallbladder disease early before massive inflammation 
takes place. 

12. Be familiar with the abnormal anatomy as well as the “normal”. 
The anatomy of the biliary tract is so varied that we can identify 
no position of the various structures as normal. Normal can only 
be considered a composite of those types most commonly observed. 


Fig. 2. — Repair of local stricture is best accom- 
plished by resection of the slenoscd drea and end to 
end anastomosis. Support of the suture line is neces- 
sary for at least 3 months and is best accomplished 
by the arm of a T tube inserted through an opening 
Yi inch from the suture line. Every effort should be 
made to find the distal end of the common duct because 
the end to end type of repair, as illustrated above, is 
by far the most successful. (From Cole, Ireneus and 
Reynolds, in Strictures of the Common Duct, Intersci- 
ence Publishing Co., New York. In press.) 
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REPAIR OF STRICTURES 

Since numerous types of stricture are encountered, numerous operative 
procedures must be available for the repair. It is now agreed by most sur- 
geons spending considerable thought on repair of strictures of the common 
duct that the most difficult type to repair from the standpoint of recurrence, 
is the one occurring at the hilus of the liver. Unfortunately, when a stric- 
ture reforms, it is frequently at this point. Therefore, it is the opinion of the 
authors that the greatest improvement to be obtained in the repair of stric- 
tures would be in that group occurring at the hilus. Space does not permit 
a detailed discussion of the repair of the various types of strictures. There- 
fore, most of the text dealing with repair of stricture will be devoted to the 
details of a procedure which the authors have devised for treatment of 
strictures at the hilus. Other common procedures will be discussed briefly. 
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1. Local Strictures . — When a stricture is localized to a small portion 
of the common duct and does not involve the hilus of the liver, repair 
is easily performed by excising the scar at the stricture and perform- 
ing an end-to-end anastomosis. One layer of sutures is adequate for end- 
to-end repair. Non-absorbable material is preferred but it must be placed 
carefully -SO that none projects into the lumen lest it act as a nidus for pre- 
cipitation of cholesterol and bile salts. Some type of support must be fur- 
nished the suture line. The authors prefer a T-tube which is inserted 
through an opening at least ^ inch distal to the suture line, because inser- 
tion of the tube through the suture line tends to encourage recurrence of the 
stricture. (See Fig. 2.) A Penrose drain is inserted down to the duct as 
the wound is closed. 

2. Stricture of the Distal End Only. — Several types of repair are 
available when the stricture involves the distal end of the common duct. 
The one preferred by the authors is a side-to-side anastomosis utilizing 
a longitudinal incision in the common duct as well as in the duodenum 
(Sanders^). In this anastomosis a double row of sutures is necessary; 
we prefer interrupted catgut for the inside row and interrupted silk for 
the outside row. 

The common duct can be transplanted into the duodenum ; however, 
the authors have not had very satisfactory results with this type of 
anastomosis. 

When more than 2 or 3 centimeters of common duct are present, the 
authors are of the opinion that anastomosis of the duct to a functioning 
loop of intestine can be done without much danger of suppurative cho- 
langitis resulting from reflux of food. There is apparently much less 
danger of cholangitis from reflux in this type of case than when no 
common duct is left, because the stump of common duct appears to act 
as a reservoir protecting the intrahepatic bile ducts. 

3. Stricture of the Proximal Portion of the Comni07i Duct . — In this 
type of lesion- the repair becomes more difficult. If possible, effort should 
be made to fi7id the dhtal e7id of the common duct, as emphasized by 
Cattell,® who actually splits the head of the pancreas in an effort to find 
it. If the distal end can be found, the duodenum and head of the 
pancreas can almost always be mobilized sufficiently to bring the distal 
end of the common duct up to meet the hilar duct, even though only 
a very short stump remains. In this situation, an end-to-end anastomosis 
is usually performed, as previously described, inserting a T-tube through 
an opening distal to the suture line so that the suture line may have 
support for as long as three or four months, thus minimizing the chance 
of recurrence. 

4. Abse 7 ice of Entire D7ict. — This type of defect is the most diffi- 
cult one of all to repair, and in general, results are not as good 
as in the lesions previously mentioned. The authors agree with Allen-* 
and others that the use of a Roux Y arm of jejunum is superior to 
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aiicLstomosis of the duct to a functional loop of intestine because reflux 
of intestinal content is so poorly tolerated by the liver when the stump 
of duct is so short that food regurgitates readily into the intrahepatic 
ducts. The authors proved to their own satisfaction that regurgitation 
of food could be a factor in production of chills and fevers, although 
stenosis is the more common factor. In two patients on whom we anasto- 
mosed a loop of jejunum to the hilar duct, the patients continued to have 
chills and fever which, however, were abolished completely several months 
later by section of the proximal arm of jejunum, thus preventing regurgi- 
tation. In bile duct repair, the credit for the use of the arm of jejunum 

designated as the Roux Y arm, should actually be given to Monprofit,® 

who recommended it in 1908. 

- Use of Mucosal Graft from the End of Jepunnm — This procedure 
is a modification of one recommended several years ago by Hoag.® He 
suggested the use of a flap of gastric mucosa to be inserted up into the 

strictured area at the hilus of the liver. In view of the experiments of 

Price and Lee^ showing that gastric secretions can actually digest, or 
seriously damage normal living tissue, we have modified this procedure 
by utilizing the end of the Roux Y arm of jejunum in the graft. This 
operation is, designed primarily for strictures at the hilus of the liver, 
which is mentioned previously, as unquestionably the most difficult ones 
to repair from the standpoint of freedom from recurrence. After the 
Roux Y arm is constructed, the serosa and muscularis is separated from 
the mucosa and submucosa by sharp dissection for a distance of 2 or 3 
cm., as illustrated in Fig. 3. This allows procurement of a tube of mucosa 
which can be inserted up into the strictured area, thus acting as a graft 
over the scarred area. After 2 or 3 cm. of mucosa are isolated, a por- 
tion of the bell end of a catheter (No. 10 to 14) is cut off and anchored 
with 2 or 3 sutures of interrupted silk or cotton in the lumen of the 
mucosal tube. It may be necessary to trim a portion of the mucosal 
tube, as illustrated in Figs. 3e and 3f. The cuff of mucosa is made 
long enough to extend through the scarred area in the liver up to nor- 
mal mucosa of the bile duct, and is anchored in position by 2 silk sutures 
inserted from the outside into the depth of the duct opening, through 
the cuff of mucosa, and back through the interior of the opening to the 
exterior. When these sutures are pulled tight, the mucosal cuff is thrust 
snugly into the opening, thus producing a water tight closure or anastomosis. 

At times considerable difficulty will be experienced in finding the 
dilated duct at the hilus of the liver. On several occasions we have 
been unable to find any external duct, but have encountered the duct by 
aspiration, as illustrated in Figure 3a. An opening is made into the duct 
by incising alongside the needle with a sharp bistoury. This opening is 
enlarged by blunt or sharp dissection, making effort to locate any adjacent 
vessels by aspirating around the opening with a hypodermic needle and 
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Jh.. . Intrahepatic ducts | 

^ Tunnel made throujih \ ^ ' 

liver to duct ^ 


Aspiration to \ 
locate duct ^ 





Duct opened by cuttini^ 
throuj^h liver and scar 


Mucosa sleeve 
made at cut 
end jejunum 


G, 


Mucosa sleeve 
with catheter 
anchored in hole 
throus^h liver 




Stay sutures 
into tissue 
of liver 


Catheter sutured into 
mucosa sleeve 


Fig. 3. — Repair of stricture of common duct by preparation of a mucosal 
tube and the implantation as a graft into the duct opening at the hilus of the 
liver (modification of Hoag operation). This procedure is most applicable when 
no stump of duct remains, and scarred liver tissue must be incised to reach 
the duct. The depth of the scarred area is exaggerated to better illustrate the 
method. The mucosal tube is pulled into position and held there by two sutures, 
each of which is inserted from the outside into the depth of the opening, through 
the mucosal sleeve, and back through the depth of the opening to the outside 
where the two ends of each suture are tied together. From Cole, in Canadian 
Med. Assoc. Journ. In press.) 
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syringe. The opening so obtained usually extends through scarred liver 
tissue. In our opinion about the only hope of preventing reformation of 
a stricture at this point is to fill in the defect with a bridge or graft of 
mucosa. It would no doubt be satisfactory to insert the entire end of 
jejunum into' the opening, but the opening is usually so small that one 
can get no more than the thin cuff of mucosa, as described above, in the 



Fig. 4. — ^When utilizing the Roux Y arm of jejunum to replace the common 
duct,_ the ileum is severed about 18 inches from the ligament of Treitz and the 
proximal end sutured to the distal loop at least 14 inches from the point of sever- 
ance; the distal end is_ closed with a continuous suture as shown in A. The end of 
the vitallium tube is inserted into the end of the intestine, aided by a hemostat 
mrough a puncture wound two or three inches from the closed end as shown in B. 
The end of the Roux Y arm of jejunum is anchored to the liver by interrupted silk 
sutures. (Modified from Cole, Ireneus and Reynolds, in Annals of Surgery, 1945.) 

hole and still have room for an adequate lumen. Since this opening at 
the hilus is usually funnel shaped, even compression is best obtained by 
utilizing the flared end of the catheter, placing the smaller end upward 
into the opening. The wall of the jejunum is anchored in position against 
the hilus of the liver with three or four interrupted sutures of silk or 
cotton. In our experience the sutures anchoring the tube in the sleeve 
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of jejunal mucosa will tear out in three or four months, thus allowing 
the rubber tube to pass. 

Use of Vitallhiin Ttibe . — The technic using a vitallium tube in the 
method of repair utilizing the Roux Y arm of jejunum has been described 
previously by the authors.® The important features in this procedure 



Fig. S. — ^An alternate method of suturing 
the end of the Roux Y arm of jejunum to 
the hilar duct when the duct protrudes at 
the hilus is to suture the end of jejunum as 
near the duct as possible with 4 interrupted 
silk sutures, without everting or infolding 
the edge of intestine. In the author’s 
opinion, this type of attachment may mini- 
mize recurrence of stricture slightly more 
than the method illustrated in Fig. 4, al- 
though a true mucosa to mucosa anastomo- 
sis is not possible with either method. 
Mucosa_ to mucosa approximation is pos- 
sible with the method illustrated in Fig 3, 
and in the method shown in the above 
illustration if a wedge of the end of in- 
testine is resected as shown by the dotted 
line through the mucosa of Fig 3E; the 
edges on the side of the intestine are then 
turned in to prevent leakage. The mucosa of 
the conical shaped end of jejunum thus 
formed can then be anchored directly to the 
mucosa of the hilar duct. 


consist of anchorage of the vital- 
lium tube (see Fig. 4) in the hilar 
duct, turning in the end of jejunum, 
inserting the distal end of the vital- 
hum tube into the arm of jejunum 
and suturing the end of jejunum 
to the hilus of the liver. Although 
we originally inverted the end of 
the arm of jejunum and anchored 
the vitallium tube with a purse- 
string suture, we are more inclined 
in recent cases, when utilizing the 
vitallium tube, to anastomose the 
cut edge of the arm of jejunum to 
the outside edge of the hilar open- 
ing without inversion of the end or 
formation of a cuff (Fig. 5). In 
the cases in which we have not 
anchored the vitallium tube with a 
purse-string around the neck of the 
tube we have adopted the principle 
of anchoring it against the wall of 
the hilar opening with one silk 
suture through the flange, and an- 
other silk suture around the neck 
of the tube. Our experience with 
this type of suture in a few cases 
indicates that the tube remains in 
place about three months. In our 
opinion it is not entirely desirable 
to have the vitallium tube remain 
longer’ than six months because 
such a high percentage of tubes will 
block if they remain in position 
longer than this interval. 


Use of a Rubber Catheter . — ^Use of a rubber catheter to support the 
suture line when anastomosing the hilar duct to the Roux Y arm of 
jejunum has previously been described by Allen.^. An opening is made 
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in the catheter to allow bile to drain through the upper end at the hilus 
downward into the jejunal arm and also to the exterior through the 
lumen of the catheter. Allen recommends that this catheter be left in 
place at least three months. 

On a few occasions we have utilized a short piece of rubber tube 
to support the suture line, leaving it in position at the anastomosis but 
anchoring it in place with a silk suture leading out to the exterior 
(McArthur®). At the end of 3 or 4 months the anchoring suture is 
cut, thus allowing the rubber tube to pass on out into the intestine. 

MISCELLANEOUS TYPES OF REPAIR 

We have abandoned the anastomosis of the hilar duct to the duodenum 
primarily because our results were so poor that other procedures ap- 
peared more desirable. We are aware of the fact, however, that a few 
of our surgical friend are still using this procedure and apparently are 
having reasonably good results. 

Several years ago, we anastomosed a loop of jejunum to the hilar 
duct in 5 patients, doing an enteroenterostomy between the arms of 
jejunum about 12 inches from the stoma at the hilus. We have had 
such poor results with this method that we have abandoned it. We 
were unable to prevent regurgitation of food up the ascending arm of 
jejunum into the liver even though a wide enteroenterostomy was per- 
formed between the two arms of jejunum. If ample time is taken by 
the roentgenologist in studying the barium flow in these cases, regurgi- 
tation into the intrahepatic ducts will be demonstrable unless folds or 
valves are made in the ascending arm, as described by us® a few years ago. 

Although an anastomosis of the gallbladder to the duodenum or je- 
junum is a satisfactory operation in patients having inoperable carcinoma 
of the head of the pancreas, we believe the procedure is not advisable 
in benign lesions because of the regurgitation of food and intestinal secre- 
tions into the gallbladder. If an enteroenterostomy is performed, placing 
folds or valves in the ascending arm of jejunum will prevent regurgita- 
tion (Peterson and Cole^°). If the patient has an inoperable carcinoma, 
these precautions are probably unnecessary since he will probably die of 
his carcinoma before the infection becomes serious. 

RESULTS 

Results of 63 operations performed in 49 patients by us in the past 
10 years are summarized in Table II. In 28 patients upon whom we 
performed an operation suturing the Roux Y arm of jejunum to the 

hilar duct we had good to excellent results in 78 per cent. In 22 per 

cent of this group the operation was a failure. Vitallium tubes were 
used in about 75 per cent of patients having this type of operation. In 

4 patients we used a modification of the Hoag procedure, utilizing the 
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mucosa at the end of the arm of jejunum to graft over the raw area of 
scarred liver as shown -in Figure 3. Good to excellent results were ob- 
tained in 3, or 75 per cent of this group. In two of the patients, we 
were unable to find the dilated duct at the hilus, but encountered it 2 
or 3 cm. from the hilus at a depth of 15^ inches from the liver surface. 
We made an opening alongside our needle spreading the opening by blunt 
dissection until we were able to insert the mucosal end of the jejunum 
as a mucosal graft. One patient progressed satisfactorily for 3 months 
but the stricture recurred shortly after this and she died a few weeks 


Table II. — Summary of Remits 

in Repair of Strichtres 

(63 Operations in 49 

Patients*) 



No. 

Results*'* 

op. 

Type of Operation 

Op. 

(E.VC. of deaths) 

Deaths 

Hilar duct to Roux Y 


78 good to exc. 


(75% vitallium tubes) 

28 

22 failure 

0 

Hilar duct to mucosal 




flap jejunum 


75% good to exc. 


(modified Hoag op.) 

4 

25% failure 

0 

Repair local stricture 

7 

86% good to exc. 




14% failure 

1 

Hilar duct to duodenum 

7 

14% excellent 




28% fair 




58% failure 

0 

Miscellaneous types 


60% good to exc. 


of operations 

17 

40% failure 

3 

Summary 

63 


4 

OPERATIVE MORTALITY RATE 6% 



*Not counting one patient in whom no type of repair was possible 
because no duct could be found at the hilus. 


** In 3 cases less than 1 year has elapsed since repair. One of them 
is already listed as a failure; the results in the other two (good 
to excellent) cannot be considered permanent because of the short 
period since operation. 

later. The other patient had recurring attacks of jaundice and chills for 
a few months, but for the past several months has had no difficulty 
except for an icteric tint in the sclera. The prognosis in conditions as 
described in these two patients would obviously be poor regardless as 
to what operative procedure was utilized. The series is too small to give 
us an index as to the value of the procedure, but at present we believe 
it offers the best chance of preventing recurrence when the stricture is 
located at the hilus. 

In 7 patients we repaired a local stricture by excising the scarred area 
and doing an end-to-end anastomosis or a plastic repair of the Mikulicz 
type. One of these patients died about 10 days after operation. The re- 
mainder had good to excellent results. 

On seven occasions we anastomosed the duodenum to the hilar duct. In 
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only one of these (14 per cent) was the result good or excellent. In 28 
per cent results were listed as fair, and in 58 per cent were listed as failure. 

In 17 patients we performed miscellaneous types of operations • which 
in general yielded very poor results. Most of these operations were per- 
formed before we adopted the procedure utilizing the Roux Y arm of jeju- 
num. In this group of miscellaneous types of repair, results were con- 
sidered good to excellent in only 60 per cent. 

In 1946 Pearse” summarized the results of numerous surgeons work- 
ing in this field, and reported that results were considered good in 80.1 per 
cent of 106 patients in whom a vitallium tube had been implanted in a loop 
of jejunum for repair of stricture. He reported that in 79 patients the 
vitallium tube had been used to support a suture line attaching the hilar 
duct to the duodenum itself; in 42.8 per cent results were considered a 
failure. We concur in the conclusion that this procedure is undesirable 
and have used the vitallium tube to support the suture line between the 
hilar duct and duodenum in only one case. Pearse reported that recurrence 
of symptoms caused b}^ blocking of the vitallium tube occurred in 11.3 per 
cent of his combined series. 

In our series of 63 operations we had 4 deaths, representing a mortality 
rate of 6 per cent. Cattell reports an operative mortality rate of 13.8 per 
cenfin 164 operations on 123 patients. Flickinger and Masson reported a 
mortality rate of 12 per cent in their series of 188 cases. 

SUMMARY 

In our series of 49 cases of stricture of the common duct we noted that 
operative trauma was a direct cause of the stricture in 65 per cent. As 
expected, the best results (86 per cent good to excellent) were obtained in 
local stricture which was repaired by end-to-end anastomosis. The next 
best results (78 per cent good to excellent) were obtained in the group 
having anastomosis of the hilar duct to a Roux Y arm of jejunum. 

The most difficult type of stricture for repair is the one in which no 
duct whatsoever can be found, except at the hilus. In this type of stricture 
we are convinced that the use of the Roux Y arm of jejunum in bridging 
the gap represents the best type of operative repair. Although we have had 
fairly good results with the vitallium tube in supporting the stricture line 
m such cases, we have recently adopted a new technic, particularly when 
the stricture is located at the hilus. This method is a modification of the 
Hoag procedure. Instead of the mucosa of the stomach, we utilize the 
mucosa of the end of the Roux Y arm of jejunum to act as a graft in 
covering up the raw area of scarred liver at the hilus. This scarred area 
at the hilus (present when no stump of duct is found) represents the point 
where recurrence is most apt to take place. In our opinion, the recurrence 
rate will be high in those cases unless the area can be covered with a tissue 
which will minimize scar formation; covering the area with live mucosa 
of the jejunal arm should offer a better method of eliminating scar forma- 
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tion, although our series of patients with repair of this type is too small 
to allow conclusions as to results. 

Extreme effort should be made to find the distal stump of common duct 
which allows end-to-end anastomosis in practically all cases, thus preserving 
the sphincteric action of the ampulla of Vater. 
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Discussion. — ^Dr. Alfred Blalock, Baltimore: Dr. Cole is to be congratulated 
on his excellent results in this type of difficult surgery. I arise to speak briefly of 
a method which Dr. William P. Longmire of Baltimore has developed in the lab- 
oratory, which has been used by him on several patients. Dr. Longmire would be 
the first to insist that this method should not be used except in those instances in 
which the more orthodox procedures, as described by Dr. Cole, have been attempted. 

These patients usually have had repeated operations attempted. An incision is 
made which approaches the left lobe of the liver, thereby avoiding troublesome ad- 
hesions which are usually present on the right. Mattress sutures are placed in the 
left lobe of the liver and a wedge-shaped rather large piece of liver removed until 
one encounters a dilated duct which is seen at this point. A small area of liver sur- 
rounding the duct is removed. One may bring up a loop of jejunum and suture the 
mesenteric border of the jejunum to the lower edge of this denuded liver segment. 
An opening is made in the jejunum and an anastomosis is made between this opening 
and the end of the dilated duct. This shows the completed procedure with the jejunum 
"sutured to the liver. 
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The first such o])eration was performed bi' Dr. Longmire about 14 months ago 
on a patient who had a traumatic stricture of the common duct. Previous operation 
had been attempted on several occasions. There had been considerable elevation of 
serum bilirubin and this fell during the postoperative period, not entirely to normal 
but it approximated normal. The jaundice disappeared. 

Dr. Longmire has used this procedure on three patients to date and the results 
are encouraging. In a patient operated upon last week the dilated duct on the left 
was reall}' tremendous — at least a centimeter in diameter — and a very good anastomosis 
was performed. He has attempted it on several patient.s who have congenital atresia 
of the bile ducts, but in cases thus far he has not found a suitable dilated duct. 

Dr. Frank H. Lahey, Boston; I think it is well worth while, even though we 
have all discussed strictures of the bile duct again and again, to go over the subject 
again and again because everyone’s results with this condition are far from satis- 
factorj'. I do not care what method j'ou use to reconstruct injuries to the bile duct, 
they arc in general makeshift procedures. A great mau)’^ of them do not work or 
work only for a time and have to be done over. It makes no difference what type of 
tube you put in ; if there is a defect in the duct and you do not get the ends together, 
‘most of them will eventually plug, require removal and the insertion of another tube. 
These operations are trying and tedious, and one docs not have the gratifying reward 
that so often goes with other types of trying and tedious surgical procedures. Many 
of these patients eventually become jaundiced and get into trouble again. 

For these reasons it is, I believe, valuable to discuss the various methods and, 
as in previous discussions, we wish again to speak of one which has given us the 
best results of all types of repair of these ducts. In any repair of an injured bile duct 
we have learned that one of the most important factors is the preservation of the 
sphincter of Oddi. Without the sphincter there will be a high percentage of cases 
that will have frequent ascending infection and undesirable jaundice and chills. 

The other factor which we have learned in an experience now with more than 
200 of these cases of duct repair, is that to get a satisfactory result one must have 
mucosa-to-mucosa anastomoses. We have learned that the introduction of tubes is a 
truly makeshift procedure and that while, as stated above, many of them will work, 
in spite of what has been said about them many will fail over a long period of time. 

The principal method which Dr. Cattell and I have developed and discussed at 
various meetings is the demonstration and liberation of that portion of the common 
duct which runs through the head of the pancreas and is behind the duodenum where 
it is always protected from injury. We have learned from operations on the head of 
the pancreas and from dealing with many duodenal ulcers adherent to the common 
duct, that by rolling the duodenum to the left and splitting the head of the pancreas, 
a long section of uninjured common duct can be found. It is possible to so mobilize 
this that in many of the cases the freed lower end of the common duct can be brought 
up to where it can be approximated without tension to the lower end of the hepatic 
duct, and a direct mucosa-to-mucosa, end-to-end anastomosis can be done. In con- 
structing these ducts it is necessary to support the anastomosed duct and to ensure 
patency of the tube while accurate healing is taking place. For this reason we have 
introduced a T-tube and left it in place for several months. It is important that this 
T-tube not be introduced through the suture line but either above or below, so that 
one arm passes through the anastomosis, and when it is withdrawn it leaves no 
defect in the suture line. This operation is not applicable to all cases, because many 
of the patients have been operated on several times and so much hepatic duct has 
been destroyed that a satisfactory upper end for anastomosis cannot be found. When 
it IS applicable it is, in our opinion, the most useful and most dependable of all 
methods in terms of long-sta'nding patency. 
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Another thing that we have learned about repair of injured ducts is that they 
should be attacked promptly. We used to wait until the patient had developed external 
sinuses, but we have now learned that the ideal time is while structures are still soft, 
pliable and movable, and that many times better results can be obtained then, than 
when, as a result of delay, cicatrization, fixation and distortion of the anatomy have 
occurred. 

We would strongly urge that if repair is to be undertaken on injured ducts, that 
is, ducts that are known to be injured, it be done as soon as possible after operation. 
The operation is messy and oozy, and the structures are much more satisfactory to 
deal with at this time, but it will make possible better restoration of the ducts than 
will be possible at a later time. 

As to the tubes themselves, I do not believe any interpretation of what the end 
results are will yield dependable figures unless they are observed carefully over a con- 
siderable period of time. Many of them drain satisfactorily for a year or two, only to 
plug eventually. 

Personally, I do not like inflexible tubes such as vitallium. In my opinion they 
have no greater likelihood of maintaining patency than do rubber tubes and they 
have the great disadvantage of producing pressure and not adjusting themselves to 
the tortuous tracts into which they must often be inserted. No matter what type of 
tube we have used, many of them have had to be taken out and another tube inserted 
within three years because of their becoming plugged with bile salts. 

It is, of course, trite to say that if one thinks only of the number of gallbladder 
operations done each year in the country, one realizes the exposure to the possibility 
of duct injuries and the very distressing surgical complications which go with them. 
It is so rightly said by everyone discussing this subject that the best approach to it 
is to teach that surgery of the biliary tract is dangerous surgery and must be done 
with good exposure, under good light and with accurate anatomic demonstration of 
every detail. 

Dr. Herman E. Pearse, Rochester, N. Y. : I think it is interesting to note that 
Elliott, in a presentation before this Association found 26 per cent successful results. 
Now, though we have different methods and personal preferences our score has risen 
to approximately 80 per cent. That is worthy of comment. I am inclined to agree 
with Dr. Lahey that the best way to repair the damage is by direct end-to-end 
anastomosis. If one can reconstitute the patient’s anatomy the way God made him, 
one will have better physiologic function. However, I have no quarrel with the 
Roux type of procedure and use it when necessary. 

Contrary to the opinion of some, I have no stock in vitallium. I have tested 
out most of the available materials and have found that vitallium is the best for 
this purpose. It has faults and so I am searching for a better material. 

The final point is that in the Roux type of biliary anastomosis, for which we 
should give credit to Allen Whipple for popularizing, the best length of the anti- 
peristaltic loop has never been accurately determined. Dennis used a 24-inch loop. 

I was inclined to use a 10- or 12-inch loop. These patients were studied under the 
fluoroscope and it was found that the barium would reflux up that loop approximately 
six inches. In spite of this, some develop cholangitis with a ten-inch loop. Recently, 
in conjunction with Dr. Radakovich, we have found in dogs that the minimum length 
for protection is 12 inches. 

Dr. Warren H. Cole, Chicago (closing) ; I wish to thank the discussants for 
their valuable contribution to this subject today. I believe the method presented by 
Dr. Blalock and Dr. Longmire has splendid possibilities and should be tried when the 
duct cannot be found at the hilus. About a year ago I tried a modification of their 
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procedure on an infant with congenital artresia of the bile duct, but even though 
I amputated the entire left lobe I could not find a dilated duct to use in any sort 
of anastomosis. 

Dr. Lahejf has emphasized the importance of obtaining a mucosa-to-mucosa 
approximation whenever possible. However, on certain occasions a true anastomosis 
of this type cannot be accomplished. 

In closing, I wish to emphasize that we should find the distal end of the common 
duct if at all possible, because the sphincter of Oddi is an important structure which 
the surgeon cannot duplicate. 
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THE QUANTITATIVE AND QUALITATIVE CONTROL OF BILE 
FLOW AND ITS RELATION TO BILIARY TRACT SURGERY* 

R. Russell Best, M.D 

DEPARTMENT OF SURGERY, UNIVERSITY OF NEBRASKA COLLEGE OF MEDICINE, OMAHA, NEBRASKA 

Cholecystectomy will give satisfactor}^ results in 80 to 90 per cent of 
the cases where stones are present provided adequate effort is first made to 
establish a correct diagnosis of gallbladder disease. When cholelithiasis is 
not a part of the pathologic picture, satisfactory results approximate 60 
per cent. In this latter group without stones, the error probably occurs be- 
cause of a greater incidence of the nervous element, incorrect diagnosis and 
additional gastrointestinal disturbances, while in the former group, remain- 
ing common duct stones or debris are the most common causes for unsat- 
isfactory results. Certainly spastic or atonic conditions of the choledochal 
sphincter play a role in the pOht-cholec 3 fstectomy syndrome and these condi- 
tions may be associated with bile stasis and infection. 

The elusive remaining common duct stone is known to every surgeon. 
No doubt many stones which are found in the common duct at a secondary 
operation were present in the common duct at the time of the first operation. 
Nevertheless, the surgeon has an escape when it is appreciated that 7 per 
cent of all cases of cholelithiasis have stones in the liver and these may be 
the source of the common duct stones removed at the second operation. This 
incidence of hepatolithiasis was reported by the writer® in 1944. Stricture 
of the common duct may interfere with bile flow through the common or 
hepatic ducts, particularly if the bile is quite viscous because of hepatic dis- 
turbances or if infection and inflammation are present along the bile ducts. 
It is my belief that following cholecystectomy or choledochostomy, not in- 
frequently thick inspissated bile, collections of mucus, blood clots, debris and 
fine particles of precipitated cholesterol or calcium bilirubin are present in 
the common duct. No doubt many times these move out of the ductal sys- 
tem .with return of normal bile flow, but likewise it has been proven by di- 
rect observation that such substances may remain in the common duct, and 
these may be the nucleus for development of common duct stones later on 
(Figs. 2 & 3). The conditions just reviewed are also factors to be seriously 
considered when reconstructive procedures are done to re-establish the flow 
of bile into the intestinal tract. 

It is logical to assume that if we could qualitatively control bile flow 
we should be able to prevent development of biliary tract stones. However, 
regardless of the many interesting studies and researches on this problem, 
we have not been able to bring the development of such stones under control. 
However, we do believe that we are able to control bile qualitatively to the 
extent that we can produce a thin, watery bile which is less conducive to 

* Read before the American Surgical Association, Quebec, Canada, May 27, 1948 . 
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Slone tormation along llu: ductal system after cholecystectomy, and can 
provide a type of bile that flows more readily through the ductal system, 
particularly if some narrowing of the channel exists. By controlling the 
quantity of bile, we are able to accelerate its flow and increase intraductal 
pressure to bring about a flushing out effect. 

In discussing bile physiology and chemistry, one must frequently refer 
to the many studies and publications of Iv}^ '• and those who have 

been associated with him. iMy own interests have been directed toward the 
production of a thin watery' bile increasing intraductal pressure and promot- 
ing relaxation of the choledochal sphincter area in such a manner as to effect 
a flushing phenomenon of the ductal system. The excellent chemical and 
physiologic studies of bile by Ivy and his colleagues afford a foundation 
for any study referable to the qualitative or qualitative flow of bile. How- 
ever, previous to the many studies by Ivy and his group, Neubauer in 
1922 and Pohl in 1922 had started inve.stigations on the pharmacological 
action and therapeutic uses of chemically pure bile acid. Since then many 
papers have been published on the pharmacodynamic action of various bile 
acids and bile salts. 

Ox bile and pig bile have been used empirically as therapeutic measureb 
for many years. Later investigations proved that ox bile more closely 
resembles human bile as cholic acid is predominant in both human and ox 
bile. The essential bile acid in pig bile is hyodesoxycholic acid. Other bile 
acids are also present in bile and the toxicity of these various acids have been 
studied by several metliods. It was found that by oxidizing cholic acid 
triketocholanic acid (dehydrocholic acid) was produced. Pure dehydrocholic 
acid has been proven to be the least toxic of all. The type of bile produced 
in man and animal by giving oxidized bile acids orally or intravenously is 
different from that produced by using ox bile. 

The salts or acids of glycine and taurine are natural constituents of bile 
and when bile acid exists in conjunction witli glycine or taurine, the term 
conjugated is applied. The chemically pure bile acids do not contain glycine 
or taurine. 

For the sake of clarity, the various bile preparations most commonly used 
should be described briefly. 

Ox bile is an unoxidized- conjugated preparation containing unoxidized 
cholic acids and some other bile acids in conjugation with glycine and 
taurine. Oxidation while retaining the conjugation with glycine and taurine 
results in the oxidized conjugated preparation available under the trade name 
dechacid. When the glycine and taurine are dropped in the oxidized prepara- 
tion, an oxidized unconjugated product is formed, consisting of triketo- 
^olanic acid (dehydrocholic acid) and di and mono ketocholanic acids. 

is product goes under the trade name of ketochol. The pure triketo- 
cholanic or dehydrocholic acid goes under the trade name of decholin or 
procholon. 
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It is possible that with more thorough knowledge and clearer understand- 
ing of these substances as they qualitatively and quantitatively affect the 
bile, we will be able to improve surgical results in biliary tract surgery. This 
may be accomplished by anticipating certain complications which threaten 
some operative procedures or correcting complications which have developed 
by the proper application of our knowledge of bile acid or salt therapy. 

Berman with Ivy and colleagues,^' ^ reported in 1940 on a large group 
of experiments where various bile acids were fed to dogs with biliary 
fistulae. The bile volume, water, specific gravity, viscosity, total solids, bile 
acids (cholates), cholesterol, bile pigment and natural bile salt amounts 
were studied. Others have also conducted experiments on various phases 
of this investigation. These studies are consolidated in Tables I and III. 


Table I . — Summary of Changes in Bile 
(Berman, Ivy, Doubilet, Best) 


Ox-Bile 

Salts(l) Dechacid(2) KetochoI(3) Decliolin(4) 


Bile Volume .... 

Water 

Sp. Gravity 

Viscosity 

Total SoHds/cc. . 
Bile Acids-*^onc. 

Cholesterol 

Bile Pigment .... 
Natural Bile Salts 


"b 

— per/cc. 
No change 


No Mange 


No change 
No change 
No change 
No change 
No change 

" 4 “ 

No change 
No change 


+ -b 1+ -b + 

-b per/cc. -b per/cc. 

No change No change 


No change No change 
No change No change 


Result 


Thick bile Average Thin bile + Thin bile -b -b 


(1) Ox-Bile Salts — unoxidized conjugated bile acids (glyco & taurocho'ic) 

( 2 ) Pechacid — oxidized conjugated bile acids (glyco & taurocholic) 

(3) Ketochol — oxidized unconjugated bile acids (tri, di & monoketocholanic) 

(4) Decholin — oxidized unconjugated bile acids (pure triketocholanic) 

Triketocholanic =r dehydrocholic 


Table II . — Percentage Increase of Normal Bile Flozv 
(From Determinations of Berman et al) 


Volume cc. per 24 hours Total solids per cc/24 hours 


Ox-Bile Salts -4- 36% -b 22% 

Dechacid 4-39% -b 2% 

Ketochol -b 99% — 8% 

Decholin -b 106% —22% 


OxBile Salts — Unoxidized conjugated bile acids (glycocholic & taurocholic) 
Dechacid — Oxidized conjugated bile acids (glycocbolic & taurocholic) 

Ketochol . — Oxidized unconjugated bile acids (tri, di & mono triketocholanic) 

Decholin — Oxidized unconjugated bile acids (pure triketocholanic) 

Triketocholanic acid = dehydrochloric acid 


Ox bile salts and dechacid increase bile flow and are choleretics, while 
ketochol, decholin and procholon not only increase bile flow but produce a 
thin watery bile and are hydrocholeretics. 

It is noteworthy that ox bile salts, which contain glycocholic and tauro- 
cholic acid, increase the volume of bile but it is a type of bile with increased 
viscosity (Tables I, II, IV, V). There is a relative decrease of water per 
cubic centimeter and an increase of total solids and natural bile salts. 
Although cholesterol and bile acids are increased, there is no change in the 
cholesterol-cholic acid ratio so there is probably no increased tendency for 
cholesterol precipitating and becoming the nucleus for a stone. Likewise, 
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tlicre is no decreased tendency. No change in the sj)eciric gravity or bile 
pigment values occurred with the use of eitlier the cliolcrctics or hydro- 
choleretics. The viscosity of the bile produced b}' these various bile products 
was measured by the time of ilow between two points in a long slender glass 
tube (Table IV, V). Bile affected by pre‘;cribing ox bile is more viscous than 
normal bile, flows more slowly, and has more difflculty in making an exit 
through narrow channels. 'J'hc volume increase as measured by cubic centi- 
meters for 24 hour periods reveals a 36 per cent step up of bile flow (Table 
II). The total solids per cc. for each 24 hours is increased by only 22 per cent 
but the viscosity determination reveals the bile to be thicker than normal. 

The product dechacid is also conjugated, containing glycine and taurine, 
but it is oxidized. It is a choleretic as it increased bile volume, but practically 


Table III . — Results of Oral Admiuistratioii of Various Bile Acids 
in Biliary pistulac in Dogs (Doubilct) 


nile Acid Given Vohinie of Hite Total Bile Acids’ 


Xorni.-il Excretion 150 cc. 3.37 Gni. 

Pure O.x-Bilc Salts 265 cc. 8.18 Gm. 

Dehydrocliolic Acid SlO cc. 4.75 Gm. 


Table IV . — Viscosity Determination 
(Berman et al) 

Time of flow between two points on a long slender glass tube 

Average Time 


Distilled water 
Control bile . . 
O-x-Bile bile . 
Dechacid bile 
Ketoclipl bile 
Dccholin bile 


1 min. 30 sec. 
4 min. 15 sec. 
4 min. 50 sec. 
4 min. 30 sec. 
3 min. 40 sec. 
3 min. 20 sec. 


no other change occurred except a slight increase of cholesterol content 
which may or may not be of significance. The ultimate result is an increased 
volume of average type bile. 

Ketochol, an oxidized preparation not conjugated with glycine or taurine, 
effects a larger bile volume than the above products. The water content 
is increased, total solids are decreased, and it is believed that in general bile 
acids are decreased. The cholesterol content is increased. There is no rela- 
tive change in the specific gravity, bile pigment or natural bile salt output, 
but the viscosity is decreased which results in a thin bile (Table II). Here 
we find a 99 per cent increase in bile volume, with a decrease in total solids 
of 8 per cent per cubic centimeter each 24 hours (Table III). 

Pure dehydrocholic acid, represented by the products decholin and 
procholon, results in an increased volume of 106 per cent with a 22 per cent 
decrease in total solids per cubic centimeter in the 24-hour period (Tables 
II, III). Bile acid concentration is decreased, and these are the only prep- 
arations studied which resulted in a decrease of cholesterol output (Table 
I). There is no change in specific gravity, bile pigment or natural bile salt 
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determinations. The viscosity determination is the lowest for this group of 
choleretics and hydrocholeretics (Tables IV, V). 

Doubilet® studied the results of oral administration of various bile acids 
in biliary fistulae in dogs (Table II). It is noted that the normal excretion 
of 150 cc. per 24 hours increased to 265 cc. with the administration of pure 
ox bile salts and increased to 510 cc. with dehydrocholic acid. The total bile 
acids measured. 3.37 Gm. for the normal excretion, increased to 8.18 Gm. 
with pure ox bile salts, and with deh 3 fdrocholic acid measured 4.74 Gm. 

Our determinations for specific gravity did not reveal changes and with 
or without bile salt therapy this usually measured between 1009 to 1012. 
We then turned our attention to viscosity determinations, using long slender 
glass tubes and clocking the time of flow between two points. Distilled water, 
natural bile from T-tubes in patients, and bile from T-tubes in patients 


Table V. — Viscosity Determinations 
(Best) 

.Average Percentage Changes in Bile Flow Time 


% Increase 


% Decrease 


Distilled Water Control 

Control Bile (Natural) 300% over water 

Ox-Bile Bile 10-1,S% over control bile 

Ketochol 

Decholin 

Procholon 


Control 


15-20% less than control bile 

25-30% less than ox-bile bile 

20-25% less than control bjje 

30-35% less than ox -bile bile 

Same as Decholin 


Table VI. 


Incidence of: 

Common and hepatic duct stones (Crump) 24 per cent 

Liver stones (Best) 7 per cent 

Choledochostomy (collected series) 9 per cent 

Unsatisfactory results — cholecystectomy with stones 10-20 per cent 


affected by administration of ox bile salts, ketochol, decholin and procholon 
were studied. We varied the diameter of the glass tubes and made com- 
parative studies with tubes in varying positions (Table V). In these experi- 
ments, it took natural bile from T-tubes (control bile) about 3 to 4 times as 
long to traverse a given length of tube as it did distilled water. When ox bile 
was prescribed, the bile flow was 10 to 15 per cent slower than for control 
bile. It must be remembered that control bile from T-tubes varies as it is 
dependent .upon a number of factors, including the liver status. In patients 
who received ketochol, the bile flow rate was IS to 20 per cent faster than the 
control bile and 25 to 30 per cent faster than that of bile following adminis- 
tration of ox bile. With dehydrocholic acid products (decholin or pro- 
cholon), the bile flow rate was 20 to 25 per cent faster than control bile and 
30 to 35 per cent faster than bile following administration of ox bile. It is 
not difficult to conclude that the thin watery bile resulting from the adminis- 
tration of hydrocholeretics passes more easily through the biliary ductal 
system, and the amount of bile being increased, it is conceivable that a 
relative washing or irrigating effect is obtained. 
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In 1939, the author with several colleagues^ presented intraductal pressure 
studies showing that hydrocholeretics increased intraductal pressure by 
increasing bile flow. The ductal pressure varied with the resistance of the 
choledochal sphincter area, but in the individual case there was a definite 
relative increase in the pressure as measured by a manometer under various 
circumstances. When the hydrocholeretic products were given by mouth, the 
pressure was increased and sustained for hours or days. When given intra- 
venously, there was a sudden and greater increase in pressure but this was 
not sustained (Fig. 1). 

M M. WATER CASE AST. CHOLECYSTECTOMY AND CHOuEDOCHOSTOM Y 

ISO 

140 

fso 

lEO 

no 

iOO 
90 
SO 
70 
60 

50 ' 

10-5-37 

40 2 P.M. TO 4P.M 

CONTROL 
30 

20 

10 

30 MIN. PERIODS 

Fig. 1. — Intraductal pressure studies in a patient with a T-tube. Dehydrocholic 
acid orally results in an elevated sustained intraductal pressure. Sodium dehydro- 
cholate intravenously results in a rapid increase of the intraductal pressure of short 
duration, but leveling 'off at a pressure slightly higher than the control pressure. 

DISCUSSION 

The greater percentage of unsatisfactory results in biliary tract surgery 
are due to remaining pathology or newly developed pathology in the com- 
mon or hepatic ducts, most frequently stone or de'bris. A much smaller 
group of cases have had injury to the common or hepatic ducts and not 
infrequently the results of corrective or reconstructive procedures have 
not been satisfactory. Naturally, other causes exist but are relatively 
uncommon. 

That remaining pathology in the common duct can be a very potent 
factor is exemplified by the fact that the number of patients with choleli- 
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thiasis who have stones in the comon duct is much larger than the number 
of patients whose comomn ducts are explored. This is well illustrated by 
Crump (Table VI) who reported on his findings in 325 autopsies that 
revealed cholelithiasis. Of this group, 24 per cent had stones in the hepatic 
and common ducts, whereas analyses of hospital records rarely reveal that 
the common duct ' is opened and explored in one out of four cases of 
cholecystectomy for cholelithiasis. 

One hundred hospital records in cases of cholelithiasis were reviewed 
several years ago. The surgery was performed by eight different surgeons 
and choledochostomy was done in only 9 per cent of the cases. My cases 
were not included because my own incidence of choledochostomy in chole- 
cystectomy cases has varied between 20 and 44 per cent. If only 9 per cent 
of patients who have a cholecystectomy for cholelithiasis have intraductal 
exploration and autopsy studies reveal hepatic and comon duct stones in 
24 per cent of individuals with cholelithiasis, one can clearly reason that 
many of these patients must have remaining common duct stones. To further 
complicate the problem, my own investigations® prove that approximately 
7 per cent of all cases of cholelithiasis have liver stones. Common duct 
stones are frequently elusive and escape detection in common duct explora- 
tion, only to be portrayed on the postoperative cholangiogram. Liver stones 
are a more serious problem because of their inaccessibility, and no doubt 
they may later reach the common duct and give rise to serious difficulty. 

From our present knowledge of qualitative control of bile, we probably 
have little to offer in definitely and completely preventing precipitation or 
crystallization of substances within the hepatic or common ducts. However, 
an analysis of collected data (Table I) suggests that a hydrocholetetic con- 
sisting of pure dehydrocholic acid (decholin or procholon) not only decreases 
total solids per cubic centimeter and the viscosity of the bile but also 
decreases the cholesterol output. According to Berman, Ivy et al,’^ cholesterol 
does not accumulate in the blood. One could assume then that with less 
cholesterol available in the ductal system, there would be less opportunity for 
choleserol precipitation which might subsequently serve as a nucleus or 
frame for stone development or collect as debris on rubber, vitallium or other 
substances used in corrective procedures on the common and hepatic ducts. 

Pearse,^^' who contributed the use of the vitallium tube in the manage- 
ment of some common duct lesions, presented before this society a year ago 
an excellent report on the results of the use of vitallium tubes. This was 
based on the experiences of a large number of other surgeons as well as 
his own. In three of his patients, when sediment had collected and blocked 
the vitallium. tube necessitating its removal, he took advantage of the oppor- 
tunity to analyze the sediment. The cholesterol content in the three cases 
was 38, 36 and 56 per cent, as compared to an average 70.6 per cent choles- 
terol level in the four thousand gallstones pulverized, mixed and analyzed 
by Dolkart® and his group. In the sediment analyzed by Pearse, the calcium 
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in the insoluble fraction varied between .0015 Gm. and .0075 Gm. and the 
remainder was bile pigment. In no case did bile pigment and calcium alone 
form the sediment blocking the tube. To me, this is an interesting contribu- 
tion. If it is true, one is warranted in assuming that reduction of cholesterol 
content will at least be helpful in preventing sediment from collecting. Of 
course if the bile acid concentration also were decreased below the normal 
bile acid-cholesterol ratio, precipitation would probably occur but experi- 
ments do not reveal unfavorable disturbances in this ratio. Furthermore, 
if we decrease the viscosity, there is a more rapid flow of bile and precipitate 
or crystalline sediment is less likely to collect. This is especially true when 
the bile is a very thin, watery type flowing under increased pressure. 

The choleretic, ox-bile salt, increases bile volume by 30 to 40 per cent, 
while hydrocholeretics increase bile volume 95 to 110 per cent. In corres- 
ponding dosages, the pure dehydrocholic acid (decholin and procholon) 
produces a slightly greater increase of bile flow than the mixture of triketo- 
cholanic acid (dehydrocholic acid) with di and mono ketocholanic acid 
(ketochol). This increased amount of bile flowing through the same size 
ductal system has a natural flushing or washing effect. There results a 
natural increased intraductal bile pressure but this may be varied by 
obstructing agents along the common or hepatic ducts and by the state of 
spasm or relaxation of the choledochal sphincter mechanism. We have 
studied the intraductal pressure in many patients with a T-tube in the 
common duct and have reported some of these studies. We have also 
studied the amount and type of bile in patients after prescribing choleretics 
and hydrocholeretics. Of course, many of these studies on the amount 
of bile flow were not too accurate because part of the bile passed on through 
the T-tube. However, in one case of complete biliary fistula resulting from 
common duct injury elsewhere, we catheterized the fistula and were able 
to collect most of the bile, and an attempt was made to make an accurate 
estimate of the small amount of bile on the dressings. In a number of 
other cases where stones almost completely blocked the lower end of the 
common duct, we believe we had fairly accurate readings on this increased 
bile flow in humans. 

In 1938,® a report was made on the removal of remaining common duct 
stones by means of the biliary flush. We have made no attempt to report all 
of our successes or failures but in figures 4, 5 and 6, several cases are 
depicted. A definite regimen is followed, based upon the increased, flow of a 
thin watery bile and the use of antispasmodic agents to relax the lower end 
of the common duct. Gradually we have collected further data by various 
studies and wider experience. During the last ten years we have made this 
flush a routine post-operative procedure in every case of biliary tract sur- 
gery. It has also proven particularly helpful in cases where the common duct 
has been repaired or reconstructed, with or without the use of rubber or 
vitallium tubes. Likewise it has been of great aid and has lessened our 
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Fig. 2, — Collection of debris or 
“muck” from a common duct. The 
smallest particle of cholesterol or calcium 
bilirubin, if remaining in the common 
duct, may be the nucleus of a larger ob- 
structing or symptom-producing stone. 
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Fig. 3. — The arrow points to a 
small calcium bilirubin stone of the 
common duct which was the nucleus 
for a larger stone resulting in complete 
obstruction of the common duct. The 
bed of the small stone can be seen in 
the larger fragment. 



C D 

Fig. 4. — Stone could not be located when common duct was 
explored. Delayed cholangiogram (B) reveals stone at lower 
end of common duct. After four flushes and six ether-alcohol 
injections, stone was dislodged (C & D). 
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difficulties in cases where the hepatic or common duct has been anastomosed 
to the stomach, duodenum or jejunum with or without the use of rubber or 
vitallium tubes. 

The following regimen is prescribed in all cholecystectomy cases: 

1. Three decholin or procholon tablets after each meal and at bedtime 
for 3 days. 

2. One teaspoonful of magnesium sulphate in water each morning. 

3. Two tablespoonfuls of pure cream or olive oil before noon and 

evening meals and at bedtime. 

4. On the first day, one nitroglycerin tablet (1/100 gr.) is placed 
under the tongue before each meal. 

5. On the second day, one atropine tablet (1/100 gr.) is dissolved 
in a little water and taken before each meal. 

6. On the third day, the nitroglycerin is repeated as on the first day. 

In routine cholecystectomy cases, the flush is started on the seventh 
postoperative day and is repeated in two weeks. It removes the smaller 
crystalline or precipitate sediments which may be the nucleus of future 
stones, and other debris such as mucus, plugs, blood, and the so-called 
“muck” which we not infrequently see on exploring the common duct 
(Fig. 2). Also we have repeated evidence that single or multiple small to 
large stones are dislodged from the common duct. 

In 1940, a critical analysis was made of 48 cases of cholecystectomy for 
cholelithiasis where there had been no indication to explore the common 
duct. All cases had been operated upon previous to 1936 and had not had 
the advantage of the biliary flush. Nine patients (18.7 per cent) continued 
to have symptoms, minor to severe, but definitely referable to the biliary 
tract. Six of these patients had their symptoms relieved by the biliary flush 
and two more found out by time and experience that it was necessary to 
take the flush once each month to avoid recurrence of some symptoms. One 
case was not relieyed, and common duct exploration revealed a stone. Re- 
cently I have checked on 60 cases of cholecystectomy for cholelithiasis where 
there was no indication to explore the common duct and where at least one 
biliary flush and usually two had been prescribed postoperatively. All of 
these were operated upon at least one year ago, and a post-cholecystectomy 
syndrome was present in only four (6.6 per cent). In other words, chole- 
cystectomy was satisfactory in only 82 per cent of the first group but in the 
latter group, with the aid of the biliary flush, results were satisfactory in 94 
per cent of the cases. Three of the latter group are being kept comfortable 
by taking the biliary flush at monthly intervals. The fourth patient has had 
several attacks of colic and mild jaundice suggesting biliary dyssynergia or 
common duct stone. Some relief is obtained by the flush. 

The flush regimen is used to dislodge stones in the common duct that 
are revealed by the routine postoperative cholangiogram (Fig. 4, 5, 6) which 
is always done in cases of choledochostomy. During the three days of the 
flush, the T-tube is kept clamped to permit building up of intraductal pres- 
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sure. Each day the tube is irrigated with warm olive oil after dissolving 
1/100 gr. of nitroglycerin under the tongue. If the repeat cholangiogram 
reveals a stone still present, the same regimen is repeated a number of times. 
In addition, when necessary, various solvents or substances that will cause 
fragmentation or dissolution of the stone are injected into the duct. These 
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C D 

Fig. 6. — Cholecystectomy, with choledochostomy only because of small 
stones in the gallbladder but no stones found in the common duct. De- 
layed cholangiogram reveals a stone in common duct (A & B) After 
three flushes, and without ether-alcohol instillation, stone was dislodged 
from lower end of common duct (C & D). 
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include ether-alcohol mixture, chloroform and solution G, which have been 
previously described in detail.® We have had experience in handling our own 
patients as well as those of other surgeons, and have had reports on other 
patients whom we have not handled directly, and we believe that success 
attends about 30 to 40 per cent of the cases where these combined methods 
are used. 

For more than eight years, we have directed every patient who has had 
a biliary-intestinal anastomosis, with or without the use of a rubber or 
vitallium tube, to take the biliaiy flush without the antispasmodic measures 
once or twice each month. Tliis usually causes any ascending infection to 
subside and the beneficial effects have been well exemplified by improvement 
in patients who for some years had presented a serious problem because 
of chills and fever and frequent mild to moderately severe jaundice. A few 
patients have made an almost dramatic response, and others have been so 
much improved as to make the situation compatible with life. At times, the 
occasional use of the sodium dehydrocholate intravenously over a three day 
period has been necessary to obtain a beneficial effect. In most of these 
patients, and particularly where a rubber of vitallium tube has been used, 
we have recommended taking daily doses of the hydrocholeretic (two tablets 
night and morning) and taking the biliary flush without the anti-spasmodics 
once each month. Naturall}^ we have seen some patients whose improvement 
has been minimal. 

In all cases of common or hepatic duct reconstruction, with or without 
the use of the vitallium or rubber tube, we place the patient on the complete 
three day biliary flush the first three days of each month and usually recom- 
mend that two tablets of the hydrocholeretic be taken night and morning 
during the remainder of the month. This regimen takes advantage of the 
flushing effect and in the interim a thin, watery bile is produced which has 
less tendency to develop a cr 3 ^stalline sediment or precipitate and flows more 
readily through any narrowed channel of the ductal system. We do not 
hesitate to say that in several cases where the vitallium tube had been used 
and rather serious symptoms developed, this regimen has changed the picture 
and re-operation has been avoided. It is strongly recommended that this 
regimen be instituted two weeks after surgery in everj'^ case where a vitallium 
tube has been placed in the common or hepatic duct. 

As yet, we do not have complete and satisfactory experimental evidence 
that we can dislodge intrahepatic stones into the common duct. Theoretically 
it is a possibility and we have cholangiographic studies revealing stones in 
the upper hepatic duct becoming displaced into the common duct following 
the biliary flush. In some of our cases we prescribe the biliary flush previous 
to surgery. 

We are of the opinion that in complete duct obstruction and jaundice, 
intraductal pressure should not be increased because of possible increased 
liver damage. There have been several experiments reported that are some- 
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what to the contrary. Nevertheless, we do not recommend it until some bile 
is appearing in the stools in cases where no fistula exists. 
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Discussion. — Dr. Herman E. Pearse, Rochester, N. Y. : I am very anxious to 
comment on the timeliness of this presentation. The clinical usefulness of the choleretics 
has been neglected. They are very important and, as our studies of the biliary physiology 
increase, I am sure that in the future we will have these and other substances that 
will help in clinical surgery. They are also useful in medicine, for as George Whipple 
pointed out a number of years ago, if pregnant women are given choleretics just 
before and after term, there is a great possibility of reducing the incidence of gall- 
stones subsequent to pregnancy. They may also be used in the medical management 
.of the non-calculus type of cholecystitis which, you will agree, is not a surgical dis- 
order in its primary stages. 
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Choleretics may be used in the presence of occlusion of tubes placed within the 
bile ducts and in the amelioration of symptoms from such anastomoses as Dr. Cole 
presented. Such use may avert a failure. Studies on choleretics such as Dr. Best has 
presented may greatly simplify our management of biliary conditions. 

Dr. Charles G. Johnson, Detroit; For some years I have been interested in 
the study of the bile salt content of bile and its variations. I would like to ask Dr. 
Best, in relation to biliary flush, what he thinks of the possibility of utilizing it 
more or less continuously. I have found that if whole bile salts is given, the flow 
of bile is increased. This material has, in my hands, proved much better in alleviating 
post-cholecystectomy syndrome than any of the prepared or synthetic bile acids. If 
I give a patient whole bile and analyze the bile salt excreted through the common 
duct tube, or if this is done in the animal where one has better control, the first 
thing that happens is increase in the total amount of bile plus an enormous increase, 
amounting to practically a quantitative recovery of bile acid administered, if whole 
bile is given by mouth. Furthermore, if one analyzes the bile acid content of the total 
amount of bile excreted by the liver, one finds that bile acid is extremely well 
conserved and utilized. Bile acid will remain fairly high for a week after administra- 
tion of whole bile. One need not give frequent doses of whole bile to keep the bile 
acid content of bile high with the associated cholerectic activity. Each time the in- 
creased bile comes down into the duodenum one gets additional cholerectic activity 
from it. 

We have been too often in the habit of taking natural material, disintegrating it 
as much as possible, and selecting one part or another for use. The entire whole 
bile is preferred to extracted portions, and this can be obtained by addition of water 
to properly dried bile. It is pretty difficult to make bile, that is, to reconstitute bile 
from its components. I do not know anyone who has ever done it. Bile is an im- 
portant material. It seems it makes no difference what type of bile one uses — from 
the pig or from the human or from the cow — despite the fact that bile salt con- 
centrations, and the type of bile salts, are different in different species. The activity 
as measured by the sense of well-being of the patient, and the utilization of fat, 
seems to be just as good with one type of bile as with another. 

Dr. R. Russell Best, Omaha, Nebraska (closing) ; In answer to Dr. Johnston’s 
question, we recommend that the patient have the 3-day biliary flush once each month 
and then take smaller doses of dehydrocholic acid (decholin or procholon) each 
day, i.e., one or two tablets only, night and morning. I do not agree that pig bile 
is as satisfactory as ox bile when whole bile products are indicated for increased flow 
of a normal or thick bile to aid digestive function. However, Dr. Johnston may have 
some knowledge on bile experiments that might nullify this statement. The work of 
Ivy and his associates makes me feel rather strongly at present that ox bile should 
be prescribed. A dehydrocholeretic product produces a sustained, increased flow of 
thin bile for at least some four to six days following oral administration. With bile 
salts the increased bile flow ceases rather early, as it is dependent more upon the 
amount of actual bile salts absorbed from the intestines. . It is this absorbed bile 
that is excreted. In fact, I recall an experiment where the increase in bile flow was 
studied and the amount of bile sails (choleretics) administered orally was determined. 
This cannot be done with the prescribing of dehydrocholic acid products (hydro- 
choleretics). 

I wish to express my appreciation to the discussants. 
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The subject, when is splenectomy indicated, is automatically divided 
into three different aspects. The first is the surgical removal of the spleen 
for conditions directly related to the spleen itself, such as tumors, ptosis, 
rupture or cyst, to increase radicalness in total gastrectomy or to aid ex- 
posure in operations in the left upper quadrant. Secondly, there are those 
states which have to do with splenic effects upon the peripheral blood cells 
or upon the bone marrow and the production of red and white blood cor- 
puscles as well as platelets. Finally, there is a third division in which the 
indications for splenectomy are less well established in terms of lasting bene- 
fit from it. This includes the early cases of congestive splenomegaly, and 
the patients in whom the splenomegaly is of unknown origin and for whom 
the question arises as to whether or not splenectomy would be valuable 
as a prophylactic against possible later splenic effects. 

GROUP I 

The tumors of the spleen, such as lymphosarcoma and Hodgkin’s disease 
that are rarely but occasionally limited, at least in the beginning, in their in- 
volvement to the spleen, require no discussion, particularly when it is real- 
ized, as will be discussed in a later section dealing with splenic effects on 
bone marrow and blood, that at any time true tumors of the spleen or infil- 
tration of the spleen as a part of the disease known as Gaucher’s disease or 
inflammation of the spleen can promote secondary bone marrow and blood 
cell effects, producing the blood condition known as hypersplenism. This 
secondary splenic effect, associated with tumors and inflammatory processes 
in the spleen, results in depression of blood platelets, depression of granu- 
locytes and depression of red blood cells. If such splenomegaly results in 
this state, panhematocytopenia, there can be no reasonable disagreement re- 
garding the wisdom of splenectomy. 

We have had four true C3^sts of the spleen. Since these in no way are 
difficult to manage, it can be assumed that the indications for splenectomy in 
these states are likewise accepted by everyone, particularly when such cysts 
attain significant size. 

The wandering spleen with which we have had but one experience, sub- 

* Read before the American Surgical Association, Quebec, Canada, May 27, 1948. 
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ject as it occasionally is, to torsion, likewise falls into the group for splenec- 
tomy, about which there would be no debate. 

Trauma to the spleen, resulting in rupture and hemorrhage, likewise re- 
quires very little discussion. Located, as the spleen is, in the left upper 
quadrant and possessing, as it does, a definite pedicle also with quite inade- 
quate fixation attachments to the posterior parietal wall of the abdomen, the 
spleen is subject to injury following any trauma to the left upper quadrant. 
This may occur even when an indirect force to the pedicle of the kidney 
results in transmitted effects on the splenic vein and artery as they pass 
from the tip of the pancreas into the hilum of the spleen. 

There is little that need be said regarding the indications for splenectomy 
in rupture of the spleen except to recall that force or injury which results 


CELIAC A. 

I L. GASTRIC A. 



Fig. 1. — This illustration shows the preliminary ligation of the splenic artery close 
to its origin through the gastrohepatic omentum. This plan of controlling the arterial 
blood supply to the spleen close to the origin of the splenic artery is valuable, as dis- 
cussed in the text in those large spleens difficult to displace and in those spleens, 
limited in number, with perisplenitis in which splenectomy is contemplated. 
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in rupture of the spleen is delivered also to the pedicle of the kidney. In 
splenectomies done for ruptured spleen one should always be sure that there 
is not present also an injury to the underlying kidney. 

The type of splenectomy which is done upon ruptured spleen is quite dif- 
ferent from the deliberate approach to the pedicle of the spleen when 
splenectomy is undertaken for splenic effects upon the bone marrow or upon 
peripheral blood cells as shown in Figure 2. Since the patient will be in a 
state of relative emergency, the less elegant but much more time-saving pro- 
cedure of freeing the spleen from its peritoneal attachments by means of 



^his illustration shows the most satisfactory approach to the vascular 
pedicle of the spleen by wide exposure through the gastrocolic omentum. As stated 
m the text, by means of this exposure, accurate control of the blood supply to the 
spleen is obtained and it is possible to make very adequate searches for accessory 
spleens. 

This method of approach was described and illustrated by Dr. Albert O. Single- 
ton, and undoubtedly is employed by many surgeons. 
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separating it bluntly with the finger, turning the entire spleen upward and 
inward together with the tail of the pancreas (Fig. 3) and ligating or clamp- 
ing the splenic blood supply at once, will give immediate control of bleeding, 
lessen the amount of blood loss, and shorten the time required to do the 
operation. 



Fig. 3. — This is the standard method for accomplishing splenectomy rapidly by 
means of which the spleen is bluntly freed from its peritoneal attachments, turned 
forward into the wound, the tail of the pancreas wiped off and its pedicle controlled 
by clamps, mass ligature or individual ligature. 

With the Spleen out, it is not difficult to visualize the kidney region and 
determine whether or not there has been coincident injury to the renal ves- 
sels or to the kidney itself. 

There is still another group of cases in which in recent years we have 
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employed splenectomy. This group includes the cases in which splenectomy, 
together with omentumectomy, is included in the operation of total gastrec- 
tomy in order to make the anastomosis of the jejunum to the esophagus 
easier, but primarily to increase the radicalness of total gastrectomy when 
done for early or extensive gastric malignant disease. We have employed 
splenectomy in about half of the 100 cases of this type in which we have 
done total gastrectomy. 

It will be recalled that in most of the patients for whom total gastrectomy 
is employed, that is, those with lymphoma of the stomach, those with leiomyo- 
sarcomas involving most of the stomach, or those with carcinoma of the 
stomach of the linitis plastica type infiltrating usually a good part of the 
walls of the stomach, the malignancy as a rule involves all of the greater 
curvature and frequently runs upward to the entrance of the esophagus into 
the stomach. It is obvious that if the spleen be left behind and separated 
from the stomach by the ligation of the vasa brevia, there will be a section of 
omentum left behind attached to the spleen, there will be a severing of the 
blood supply along the upper part of the greater curvature of the stomach 
quite close to the gastric malignancy, and that by the removal of the spleen 
and not part but all of the omentum, a much more radical and extensive re- 
moval of the malignancy with a wider area about it can be accomplished. 
For this reason we believe that splenectomy, since it is apparently harmless 
from our experience with this good sized series of cases in which it has been 
added to total gastrectomy, is a very desirable procedure to employ in this 
condition. 

There will be other conditions, such as transthoracic resection of the 
lower esophagus and cardia, also certain patients with diaphragmatic hernia 
in whom the spleen has migrated into the intrapleural hernia sac, and cer- 
tain cases of diaphragmatic hernia, repaired from below, in which the re- 
moval of the spleen will make the exposure of the diaphragm and suture of 
the hernia in it much easier. There will even be cases of high ulcers of the 
lesser curvature in which, by removal of the spleen, a section of stomach can 
be so rotated downward that the high lesser curvature ulcers close to the 
esophagus can be removed and an adequate amount of stomach made avail- 
able by this exposure and rotation to make it possible to do a partial gastrec- 
tomy rather than a total gastrectomy. In addition to this, there will be a 
few diverticula of the stomach high on the greater curvature in which re- 
moval of the spleen will make exposure and management of these lesions 
easier. 

GROUP II 

It is not as easy to discuss those indications for splenectomy which are 
related to what has been called the effects of hypersplenism upon the bone 
marrow and the peripheral blood cells, since hypersplenism may be either 
primary and of unknown etiology, as in idiopathic thrombocytopenia, idio- 
pathic neutropenia or hemolytic anemia, or secondary as the result of in- 
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vasion of the spleen by tumor, inflammation or even associated- with the 
splenomegalies of congestive splenomegaly. Those states are in addition 
much more complex as to the indications for splenectomy since many of the 
blood states which are caused by hyperspleens can and sometimes are brought 
about by toxic substances, certain drugs and some metabolic disturbances. 

There is an important relationship existing between the spleen and the 
reticulo-endothelial system on the one hand and the bone marrow on the 
other. The spleen normally inhibits the bone marrow so as to exert a con- 
trolling influence on the output of blood cells produced by it. Under certain 
circumstances, this delicate balance is disturbed and the spleen may over- 

Table I — Indications for Splenectomy 

Group I. 

1. Rupture of the spleen 

2. Wandering spleen 

3. Primary splenic tumors 

4. To aid in exposure and radicalness in 
operations in left upper quadrant 

Group II. 

1. Congenital hemolytic anemia 

2. Acquired hemolytic anemia 
(selected cases) 

3. Idiopathic thrombocytopenic purpura 

4. Idiopathic neutropenia 

5. Primary splenic panhematocytopenia 

6. Secondary splenic panhematocj'topenia 
(selected cases) 

Group III. 

1. Congestive splenomegaly (selected cases) 

2. Splenomegaly of unknown origin 
(selected cases) 

inhibit the various cell-forming functions of the bone marrow or it ma)^ de- 
stroy cells more rapidly than it normally should. In some cases there is a 
combination of these two factors at play. These mechanisms are the basis 
for the indications for splenectomy in certain hematologic abnormalities. 

It can no longer be said that there are only two clear-cut medical indica- 
tions for splenectomy, namely congenital hemolytic anemia and idiopathic 
thrombocytopenic purpura. We must now add further medical indications : 
selected cases of acquired hemolytic anemia, idiopathic neutropenia, primary 
splenic panhematocytopenia, selected cases of secondary splenic panhematocy- 
topenia, selected cases of congestive splenomegaly, and selected cases of 
splenomegal}'^ of unknown origin (Table I). 

Congenital Hemolytic Anemia. The hereditary abnormality in this dis- 
ease leads to a change in many of the adult red blood cells by which they are 
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small in diameter but thicker than normal. These spherocytes are removed 
by the reticulo-endothelial system, of which the spleen is an important part, 
and their destruction leads to evidence of increased hemolysis with an in- 
creased output of urobilinogen in the urine and feces and hyperbilirubinemia. 
The anemia resulting from the destruction of red blood cells stimulates the 
bone marrow, which becomes overactive, the hyperplasticity being normo- 
blastic in type. "The reticulocytes in the peripheral blood are increased. 

Splenectomy stops the greater part of this blood destruction, although it 
does not change the abnormality leading to the spherocytosis. If care is 
taken to remove accessory spleens, it is rare to have any return of anemia or 
jaundice. It is in this condition that splenectomy is most uniformly followed 
by good hematologic results. 

We have had 20 such cases in the period from 1934 to 1947. There were 
no operative deaths. Three accessory spleens were found and removed in 
this series. Pigment gallstones were present in 25 per cent of the cases. 
Splenectomy resulted in complete cure of the anemia in 90 per cent of the 
cases and marked improvement in the other 10 per cent. 

Acquired Hemolytic Anemia. This condidition may be acute or chronic 
and may be secondary to a large number of diseases. The most important 
of these are: chemical toxins such as benzol, some parasitic diseases as 
malaria, certain bacterial infections, some cases of malignancy as leukemia, 
and idiopathic types in which abnormal agglutinins and hemolysins may be 
found. It is often impossible to predict whether splenectomy will be of any 
value in these cases. In general, it should not be done in malignancy, infec- 
tions or parasitic disease. Rarely, a severe hemolytic anemia in a very 
chronic lymphatic leukemia might be benefited by splenectomy. Acute hemo- 
lytic anemia of the acquired type often responds favorably to splenectomy 
but does not always do so. The chronic hemolytic anemias demand detailed 
individual study and in selected cases removal of the spleen may prove bene- 
ficial. Results are uncertain, although occasionally spectacular. It should 
generally be considered the procedure of last resort in these .conditions. 

We have operated on six such patients (1934-1947), with no operative 
deaths but with excellent results in only one. 

Idiopathic Thrombocytopenic Purpura. This hemorrhagic disease of un- 
known origin must be carefully distinguished from thromboctytopenic pur- 
pura of known cause. All drug contacts must be scrutinized and allergic 
phenomena considered. It is essential to study the bone marrow where the 
megakaryocytes in the idiopathic type will be plentiful and will show little 
platelet formation at their periphery. Bone marrow study will also rule out 
infiltrating disease, such as leukemia, which may cause thrombocytopenia by 
replacement. If the eosinophils are markedly increased, allergic types of 
thrombocytopenia must be suspected. If these precautions are strictly ob- 
served and the studies indicate a truly “idiopathic” type, results of splenec- 
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tomy will be good. However, under the best of circumstances relapses will 
occur, sometimes many years after operation. 

The response to splenectomy is usuall)'' immediate but cases have been 
observed in which it was dela3'’ed and slow, although eventually adequate. 
The increased capillar}^ fragility, prolonged bleeding time and low platelet 
count rapidly become normal and the purpura disappears. About 75 per 
cent of patients who undergo splenectomy for this condition remain per- 
manently cured. In acute fulminating cases, splenectomy must be done as 
an emergency in order to avoid hemorrhage into vital organs. The discov- 
ery and removal of accessory spleens are of particular importance in this 
condition because if thrombocytopenic purpura should recur at a later date, 
the uncertainty of finding splenic tissue at operation makes any surgical pro- 
cedure so dangerous as to be prohibitive. We have had 17 cases of this type 
with no operative mortality. Recurrences have taken place in three cases 
( 17.6 per cent) and in two cases the response of the platelets was slow but 
eventually good. The other patients all responded rapidly and apparently 
permanently. 

In patients with hemolytic anemia or with idiopathic thromboc3'topenic 
purpura, once splenectom3'- has been settled upon it should be carried out 
without undue delay to avoid the occurrence of a critical state which can 
arise during the dela3'- interval. 

Idiopathic Neutropenia. In certain cases when the balance between bone 
marrow and spleen is upset and the normal inhibitor3'^ effect of the spleen is 
enhanced, the granulocytes alone may be affected, leading to a neutropenia. 
As in the other hematologic conditions already discussed, careful study of 
these cases is essential to rule out other known causes of neutropenia, such 
as drug and other chemical contacts, aleukemic leukemia, lymphoblastoma, 
and various infections. Again, the bone marrow picture will help to rule out 
these secondary causes of neutropenia and in the idiopathic type will be 
normal or will show a hyperplasia of the granuloc3Uic cells with little change 
in the other elements. 

It has onty been in recent years that this disease has been established as 
a definite entity and now takes its place as another form of h3'’persplenism. 
The response to splenectomy is immediate and although enough time has not 
elapsed fully to evaluate this procedure, results appear to be long lasting. 

Primary Splenic Panheniatocytopenia. This form of hypersplenism in- 
volves all of the main cellular elements of the bone marrow and results in 
neutropenia, anemia and thrombocytopenia. The etiolog}'^ of this s3mdrome 
is not known. Both congenital and acquired types have been described. Bone 
marrow studies in either type demonstrate hyperplasia involving the red 
cells, granuloc3i;ic and megakaryoc3'tic elements. When the enlarged spleen 
is removed, there is a rapid return to normal hematologic values in the 
peripheral blood. Some cases are acute and require emergency splenectomy, 
while others are chronic and gradually become severe enough to require re- 
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peated transfusions to sustain life. Splenectomy is indicated in all cases of 
this syndrome when care has been taken to exclude known causes for pan- 
h eniato cy topeni a . 

Secondary Splenic Panheinatocytopenia. A decrease in neutrophils, 
platelets and red blood cells in the peripheral blood may be secondary to a 
number of disease processes. In some way, as yet not understood, a spleen 
that is involved in almost any disease and becomes enlarged, particularly if 
the disease be of any lasting nature, may become hyperactive and exert an 
abnormal inhibiting effect on the cells of the bone marrow with or without 
an added increase in the destructive processes carried on by the spleen. For 
instance, Hodgkin’s disease may be first discovered in this form when the 
spleen alone is involved and when the blood picture is only indirectly caused 
by the underlying disease coming as it does from a diseased spleen. Other 
forms of lymphoblastoma, chronic malaida, rheumatoid arthritis, congestive 
splenomegaly, sarcoidosis, tuberculosis, Gaucher’s disease, and certain drug 
sensitivities, as in some cases of benzol poisoning, are all examples of the 
etiologic factors that may cause this syndrome. 

Selected patients in this group respond well to splenectomy, the selection 
depending on the type of primary condition underlying the process, the 
severity of the hematologic abnormality, and the probable duration of life 
in the primary disease. Patients suffering from Hodgkin’s disease with 
secondary hypersplenism of this panhematocytopenic type may rarely have 
no other manifestations of the disease for long periods of time and under 
such circumstances splenectomy is justified. This type of problem taxes the 
physician’s judgment severely and it is sometimes impossible to judge 
whether the duration of life after splenectomy will be long enough to justify 
the procedure. 

We have had seven cases of splenic panheinatocytopenia. There has 
been no operative mortality in this group. The hematologic results have 
been excellent in four, good in one and fair in two. 

GROUP III 

Under tlie third group comes congestive splenomegaly and the spleno- 
megalies of unknown origin. 

Congestive Splenomegaly. This condition arises whenever there is a 
partial or a total obstruction in the splenic vein or any portion of the portal 
system at or above the level of the splenic vein. Such obstruction results in 
hypertension within the portal system behind the obstruction and to an en- 
gorged collateral circulation that often menaces life by severe hemorrhage 
into the stomach or esophagus. The most common site of portal obstruction 
is within the liver itself and is the result of cirrhosis. Other less common 
etiologic factors in this syndrome are congenital abnormalities of the portal 
system, rare cases of Schistosomiasis mansoni and thrombosis of the splenic 
vein. When portal cirrhosis is the primary factor, hepatic failure or hemor- 
rhage from varices may be the terminal event. 
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In addition to the danger of hemorrhage from varices, the enlarged 
spleen often eventually leads to panhematocytopenia with its bad effect on 
the general well being of the patient. Banti originally implied that a splenic 
hormone was to blame for the liver cirrhosis in these cases and this theory 
has never been completel}^ disproved. Careful evaluation of the patient with 
this syndrome is essential and a decision for or against splenectomy is often 
difficult to make. In general, it should be said that any patient with conges- 
tive splenomegaly should have the enlarged spleen removed if he is able to 
stand the operative procedure. By this means, from 25 to 40 per cent of the 
blood entering the portal circuit can be removed and the hypersplenic effects 
of the enlarged spleen abolished. Unfortunately, we often see these patients 
only after they are far advanced in their disease, and they are often des- 
perate risks. Only after extensive study of the liver function, prolonged 
medical preparation, and careful weighing of the pros and cons in the in- 
dividual case can a decision be reached. If we are to help more of these 
patients, it is necessary that we see them before the late phases of the disease 
when liver function has been so badly damaged, varices so widely estab- 
lished and secondary hematologic changes so far advanced. 

Splenectomy should be performed as soon as the diagnosis has been 
established and the condition of the patient permits. We have had 25 cases 
of congestive splenomegaly in this series (1934 to 1947); there have been 
two operative deaths, a mortality of 8 per cent. These represent the only 
operative deaths in the entire series. Postoperative complications are fre- 
quent and vary from many types of infection to liver failure. 

Of the 14 patients who had gastro-intestinal bleeding preoperatively, 
12 could be followed postoperatively and three of these had recurrent hem- 
orrhage, one eight months after operation, one three and one quarter years 
after operation and one three and three quarter years after operation. The 
course of the remaining nine patients was followed from three months to 
seven years with an average follow-up of 26 months, and they had no post- 
operative bleeding. Hematologically, the results have been uniformly good 
with return to normal blood values. 

Splenomegaly of Unknown Origin. Routine careful physical exam- 
ination will uncover a considerable number of cases of unexplained splen- 
omegaly in the course of any physician’s practice. These cases tax his diag- 
nostic acumen and a number will remain unexplained after exhaustive study 
is completed. If, after six months’ observation, the spleen enlarges or re- 
mains unchanged and the cause is still unknown, it should be removed. In 
the temperate zones many cases of early congestive splenomegaly will be 
discovered in this way, and when removed at this stage will greatly delay 
or entirely prevent the development of varices. Some examples of malignant 
tumors primary in the spleen will be found and occasionally removed before 
spread to other parts of the body has taken place. Removal and study of 
these spleens undiagnosed before operation will do much to increase our 
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knowledge of this organ, its pathology and its pathologic physiology. It 
is understood, however, and this point cannot be overemphasized, that sple- 
nectomA^ must never be oerformed until all studies have been exhausted 
in attempting to make a diagnosis and above all, a sincere effort made by 
a competent observer to rule out definite contraindications to splenectomy. 

CONTRAINDICATIONS 

It is essential that the spleen not be removed in cases of agnogenic mye- 
loid metaplasia because in this condition much of the bone marrow func- 
tion of forming blood cells has been transferred from the bone marrow 
to the spleen and removal of this organ may be rapidly fatal. Competent 
hematologic study and bone marrow observation will quickly establish this 
diagnosis and any thought of splenectomy must be dismissed. With rare 
exceptions, splenectomy in cases of leukemia and lymphoblastoma with 
splenomegaly should be avoided. The exceptions include rare panhemato- 
cytopenias or hemolytic anemias of severe degree caused by hypersplenism 
in some of these cases. They also include cases in which the disease may 
still be limited to the spleen but such cases are very rare indeed. The spleen 
should not be removed in polycythemia vera although rarely a case is seen 
in which the influence of the enlarged spleen is such as to inhibit the out- 
put of a normal number of cellular elements. It is most unusual to find 
splenomegalies in infections in which splenectomy is justified, although 
rarely the hypersplenic effect is such as to demand careful consideration 
of this procedure. In general, patients with paroxysmal nocturnal hemo- 
globinuria do poorly after splenectomy and patients with Mediterranean 
and sickle cell anemias are also not helped by the procedure. 

The technical complications of splenectomy in patients with congestive 
splenomegaly in which marked perisplenitis exists are of such seriousness 
and the benefits so problematical as to contraindicate its employment when 
this state is found. 

COMPLICATIONS 

The complications of splenectomy are hemorrhage, thrombosis and 
infection. Hemorrhage may arise from the surgical bed if a vessel comes 
loose or it may arise from a general oozing secondary to severe liver dam- 
age and a resulting hypoprothrombinemia. This complication sometimes 
follows splenectomy for congestive splenomegaly associated with severe 
liver damage and is of bad prognostic significance. Thrombosis occurs 
more readily after splenectomy than after other surgical procedures be- 
cause of the rapid and excessive rise in platelets that occurs immediately 
following operation. Careful observation of the platelet count and the in- 
stitution of anticoagulant therapy in certain cases will reduce this com- 
plication to a minimum. Infection of various types may follow splenectomy 
particularly in cases of congestive splenomegal}^ associated with severe 
liver damage, and in these cases modern potent antibiotics should be used 
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prophylactically. Liver failure may follow and attempts should be made 
to anticipate this with present day methods. 

Table II demonstrates the frequency of complications in congestive 
splenomegaly as compared to other reasons for splenectomy. Table III 
shows the type of complications encountered in our series. 

TECHNICAL CONSIDERATIONS 

Many methods of doing splenectomy have been developed and published 
but in general the approach to splenectomy divides itself again into three 

Table II — Frequency of Complications of Splenectomy 


(1934-1947) 

Congenital hemolytic anemia (20 cases) 1 

Idiopathic thrombocytopenic purpura ( 1 7 cases ) 3 

Acquired hemolytic anemia (6 cases) 2 

Congestive splenomegaly (25 cases) 19 

Cysts (4 cases) 0 

Miscellaneous (4 cases) 0 

Total •. 25 

Table III — Type of Complications of Splenectomy 
(1934-1947) 

Atelectasis 4 

Subdiaphragmatic abscess 3 

Thrombophlebitis 4 

Ascites 2 

Hemorrhage from liver failure 3 

Miscellaneous infections 7 

Hemolytic crisis 1 

Diarrhea (question of etiology) 1 

Total 25 

distinct plans: (1) preliminary ligation of the splenic artery close to its 


origin ; (2) the deliberate exposure of the splenic vessels along the upper 
edge of the pancreas and as they enter the hilum of the spleen by careful 
and accurate exposure, as shown in Figure 2, through the gastrocolic omen- 
tum and (3) the rapid method of freeing the spleen from its attachments 
to the lateral and posterior abdominal wall by blunt separation of the spleen 
from these peritoneal attachments with the fingers. Each of these tech- 
nical approaches to splenectom)' has advantages under different circum- 
stances. 

In the spleen of enormous size and in those with any degree of peri- 
splenitis, the method shown in Figure 1 in which the splenic artery is ligated 
close to its source of origin has great advantages controlling, as it does, 
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the main arterial supply to the spleen. In those patients with blood changes 
not in acutely critical states in whom careful and deliberate anatomical 
exposure can be obtained and in whom, because of their general condition, 
the matter of time is not important, the method shown in Figure 2 is most 
applicable. By this plan of visualization, the vascular structures entering 
the hilum of the spleen can be clearly visualized and individually and ac- 
curately ligated. All operations with this exposure can be done neatly in 
a dry field, and with this exposure, careful search, as is so often necessary, 
can be made for accessory spleens. 

Table IV — Results of Splenectomy 

NofoIIow- 

No. of up avail- 

Disease Cases Good Fair Poor Deaths able 


Congenital hemolytic anemia 

20 

18 

. . 

. . 

0 

2 

Idiopathic thrombocytopenic purpura 

17 

13 

. . 

3 

0 

1 

Acquired hemol 3 Tic anemia 

6 

1 

. . 

5* 

0 

• • 

Panhematocytopenia* 

7 

5 

2 

. . 

0 

. . 

Congestive splenomegal}^ 

25 

17 

3 

2 

2 

1 

Cysts 

4 

4 

• . 

. . 

0 

• • 

Miscellaneous 

4 

2 



0 

2 

Total 

83 

60 

5 

10 

2 

6 

* This group can be improved in the light 

of our present knowledge and by being 


more critical in the selection of cases. 

In those patients in a more urgent state, such as patients in whom rup- 
ture of the spleen has occurred, patients in whom splenectomy must be 
done for serious blood changes and who are in critical states, the method 
shown in Figure 3, by which the spleen can be rapidly delivered, the tail 
of the pancreas separated and the pedicle clamped or ligated, can very ma- 
terially save both time and blood. This type of splenectomy, however, does 
not lend itself as well to careful search for accessory spleens as does that 
shown in Figure 2. 

Splenectomy. The operation of splenectomy has now been performed 
for so many years, so many men have done it and it has been so well stand- 
ardized that, other than to illustrate these three methods of approach, we 
do not believe further discussion of the technical considerations of splenec- 
tomy are necessary. 

We have employed a good sized left rectus, longitudinal, transrectus 
incision in all of these cases, but realize that tastes in incisions vary and 
that there is but one point involved in any discussion of them, namely, that 
they should be of sufficient length to make it possible to visualize the anatomy 
and to do surgicall)’^ anatomic procedures. 
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COMMENT 

The decision for splenectomy in any given case is not to be entertained 
lightly. The operation may be technically extremely difficult and the post- 
operative path strewn with obstacles. The careful selection of cases is 
essential. Complete medical and hematologic study will help in this selec- 
tion. A mistaken diagnosis may put the patient through a serious opera- 
tion without benefit or an error in judgment cost him his life. Only by 
the closest cooperation of the surgeon and the internist can the greatest 
benefit be derived or a catastrophe averted. 

With the spreading knowledge of the increased number of indications 
for splenectomy, the dangers of this procedure may be overlooked and the 
contraindications misunderstood. This could result in placing a valuable 
procedure in disrepute. 

If our knowledge of splenectomy, its indications and contraindications 
is to advance, it is essential that the interest of physicians and surgeons 
be aroused in recognizing splenomegaly in its early stages at a time when 
the greatest good is to be derived from its removal (Table IV). 

SUMMARY 

1. We have discussed the three groups of conditions in which splenec- 
tomy is indicated. 

2. The removal of the spleen to facilitate the ease of total gastrectomy 
and to increase the radicalness of this procedure is recommended. 

3. The hematologic indications and contraindications for splenectomy are 
discussed. 

4. Congestive spleens, when the patient’s condition will permit it, should 
be removed to prevent future complications or to improve such complica- 
tions if they already exist. 

5. Enlarged spleens of unknown etiology after adequate and prolonged 
study should be removed. 

6. The contraindications are specific and must be observed. 

BIBLIOGRAPHY 
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Discussion. — ^Dr. George M. Curtis, Columbus, Ohio: In a considerable series 
of splenectomies for congenital hemolytic icterus and for thrombocytopenic purpura 
we have had eight recurrences; three in congenital hemolytic icterus and five in 
thrombocytopenic purpura. The first two have been reported in the Annals (Vol. 123, 
p. 276, Feb. 1946). In the third patient, with thrombocytopenic purpura, there was a 
definite recurrence after two years. An exploratory operation was done and no 
accessory spleen was found in the ordinary or even in the unusual places. As a 
consequence we recalled the embrj'ology of the spleen, which develops from the left ' 
half of the dorsomesogastrium, and that sometimes this touches the genital ridge 
attached to the adjacent Wolffian body, just to the left. When fche Wolffian body 
descends, and particularly when the gonad descends, it may thus carry down with 
it a bit of spleen. That is the reason why the spleen is sometimes found within the 
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tunica vaginalis or attached to the ovar 3 \ In fact, there are reports which show a 
strand of splenic tissue extending from the major spleen down along the left posterior 
gutter. 

Because of these facts we opened the posterior gutter in this third patient and 
found a 2 cm. accessory spleen retroperitoneally, behind the lower pole of the left 
k:idneJ^ The fourth patient, a girl with recurrence of thrombocytopenic purpura, was 
explored and no accessory spleen was found. However, we found a remarkable 
enlargement of the mesenteric lymph nodes, togetlier with enlargement of the re- 
troperitoneal and celiac nodes. 

In the fifth case we had a similar experience. In the sixth, a patient with 
congenital homolytic icterus, we were also unable to find an accessory spleen. How- 
ever, the liver presented the color usually characteristic of the spleen. Biopsy of the 
left lobe of the liver revealed a remarkable reticuloendotheliosis involving particu- 
lar! 3 ' the von Kupffer cells, some of which could be shown to be phagocytic. There 
was also in this patient a moderate lymphadenosis. 

In the seventh patient, operated upon by one of my associates, there was re- 
currence of thrombocytopenic purpura and a small accessory spleen was found along 
the greater curvature of the stomach. In the eighth and last, recurrerlce of congenital 
hemol 3 'tic icterus, it was possible for my colleague. Dean Charles A. Doan, to demon- 
strate radiographical^' the accessory spleen by the use of thorium. This was found 
just above the upper pole of the left kidne 3 '. It was removed recently and we are 
not yet certain of the end result. 

Thus in eight patients with recurrence we have found in five instances an acces- 
sory spleen, in three a lymphadenosis with reticuloendotheliosis and in one an asso- 
ciated h 3 'perplasia of the von Kupffer cells of the liver. 

Di. Lahey remarked about the end results of splenectomy for idiopathic neutro- 
penia. I removed the spleen in the first case recorded in October, 1939 (Ann. Int. 
Med., Vol. 16, p. 1097, June, 1942). This patient was hospitalized last summer for re- 
moval of a pilonidal cyst, and careful studies were made. So far as we could deter- 
mine there was no residual hematologic disturbance. Her neutrophiles bad remained 
normal since the splenectomy. 

Dr. Owen H. Wangensteen, Minneapolis : I wish to speak on a technical point. 
Dr. Lahey has been an exponent of removal of the spleen in total gastrectomy. Over 
a perior of several years, I have been aware of the circumstance that a dry wound 
does not regularly accompany total gastrectomy. The reason for fluid collections in 
the vicinity of the esophagojejunal anastomosis was not apparent; but because of this 
occurrence over a period of approximately two years, I have been putting in an air- 
vent suction of the sump or Chaffin variety down to the splenic bed after excision of 
the spleen and establishment of the esophagojejunal anastomosis. In a number of in- 
stances, considerable fluid has drained away — as much as 200 to 500 cc. per day, and 
occasionally even more; as much as 800 cc. drainage of fluid through such an air vent 
suction drain has been recorded in a single day. Drainage of this amount of fluid is 
not observed ordinarily until several da 3 '^s (5 to 8) have elapsed since the total gastrec- 
tomy and splenectomy were done. 

A year ago, one of my associates. Dr. Ivan Baronofsky, made an unusual and 
startling observation concerning the nature of such fluid drainage following such op- 
erative procedure. It occurred to him that this fluid might be pancreatic juice — and 
such it proved to be; in any case the fluid contained as much amylase as pure pan- 
creatic juice. 

Large mortalities have been recorded attending the operation of total gastrectomy. 
The maintenance of a dry wound is an important item in the healing of any wound. 
And as surgeons are aware, the accumulation of fluid about a gastro-intestinal anasto- 
mosis does invite a subphrenic abscess; moreover, a subphrenic abscess is a more 
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serious situation in the presence of a gastro-intestinal suture line, in that the abscess 
may erode the suture line and invite fistula. Routine placement of an air vent suction 
drain down to the plenic bed behind the esophagojejunal anastomosis, together with 
employment of the jejunal wall as a posterior buttress for the posterior wall of the 
esophagus — these two measures have made it possible in our clinic to perform total 
gastrectomy with a risk which is not far out of line with that of partial gastric resec- 
tion for cancer. 

Such drainage of pancreatic fluid has been observed following excision of large 
spleens without other coincidental operative procedures. In other words, splenectomy 
may be accompanied by a temporary pancreatic fistual. Moreover, the febrile episodes 
observed occasionally after splenectomy may have their origin in such an explanation. 

There are two possibilities to account for their occurrence: (1) Injury to the 
blood supply of the tail of the pancreas in the ligature of the splenic vessels; (2) 
Pancreatic ducts may actually terminate occasionally in the hilum of the spleen. Dr. 
Baronofsky is stud 3 dng the problem at the present time. In any case, external drain- 
age of pancreatic fluid attending splenectomy alone or splenectomy and total gastrec- 
tomy, has been observed several times in this clinic — ^an occurrence which suggests 
that an air vent' suction drain probably sfhould be employed regularly in splenectomj". 

Dr. John W. Norcross, Boston (closing) ; I should like to emphasize what Dr. 
Lahey has already said concerning the excellent opportunitji- for co-operation between 
surgeon and physician in the handling of patients with splenomegaly. After careful 
medical study, the internist can usually establish the hematologic diagnosis. 

Operative risk is often difficult to evaluate, particularly in cases of congestive 
splenomegaly. In this important group, if the patient can be successfully carried 
through the procedure and the immediate postoperative stage, he will usually derive 
definite benefit from the operation. In this condition, remo\'al of the spleen will de- 
crease the volume of blood entering the portal circuit by from 25 to 40 per cent and, 
accordinglj'', will decrease the danger of hemorrhage from engorged varices. Splenec- 
tomy will also abolish the hypersplenic effect on the bone marrow in these cases when 
it is present. 

Careful management of the postoperative course is particularly important in this 
group of patients with congestive splenomegaly. The danger of infection is great, 
but .with our present antibiotics we are in much better position than formerly to con- 
trol this danger effectively. Hemorrhage of the type that comes from severe damage 
to liver function and which is related to the inability of the failing liver to manufac- 
ture prothrombin, can be controlled only b 3 '- multiple fresh blood transfusions. The 
careful use of modern anticoagulants, herapin and dicoumarol, makes it possible to 
control impending thrombosis in the portal system in cases in which the platelet 
count rises to extremely high figures after splenectomy. 

If we are to treat patients with splenomegaty most effectively, it is essential that 
such cases be recognized earb', and careful palpation for an enlarged spleen should be 
a part of every physical examination. When patients with splenomegaly of undeter- 
mined etiology have been studied carefully over a period of several months, and if 
the contraindications can be ruled out definiteb'-, splenectomy is justified. 

I should like to stress the contraindications to splenectomy. First and foremost 
of these is the splenomegaly of agnogenic myeloid metaplasia. In this condition the 
spleen has taken up the function of forming the elements of the peripheral blood 
which are normalb'- made in the bone marrow. Under such circumstances it is dan- 
gerous and often fatal to remove the spleen because this organ is the main source of 
blood cell formation. In the splenomegaly of chronic infectious conditions, only on 
very rare oc'-asions should splenectomy be carried out. In general, patients with 
malignant conditions involving the spleen should not be subjected to splenectomy. En- 
larged spleens in cases of polyc 3 ^themia should not be removed. 
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Any plan of therapy for the patient with acute renal insufficiency of the 
lower nephron type should be directed at maintaining survival of the patient 
until such a time that adequate recoveiy of renal function ensues. This time 
interval is undoubtedly related to the degree of renal tubular and interstitial 
patholog}^ present subsequent to the initial injury. In the clinical experience 
of the authors, this interval has varied between seven and 14 days. It may be 
shorter or longer since it will be modified by other factors present. (Table I.) 

Several methods of internal or external hematodialysis have been sug- 
gested as a substitute for renal function during the period of renal insufficiency. 
(Peritoneal lavage, artificial kidney, gastro-intestinal lavage.) The main 
objections to such methods usually revolve around: (1) the technical diffi- 
culties involved, (2) the complications produced, or, (3) the inability of any 
particular method adequately to substitute for renal function. The authors 
have had no experience with internal or external hematodialysis. 

A simple conservative plan of management which has proven successful 
in the last several cases of acute renal insufficiency at the University Hospital 
is presented.. It requires no particular technical equipment and entails only a 
minimum of laboratory aid. The plan of management is based entirely upon 
the time interval required for renal tubular healing to occur following injury, 
and upon the premise that the patient may be maintained in a satisfactor} 
clinical condition during this period by very conservative measures. 

It has been adequately demonstrated that serious degrees of renal failure 
may develop following transfusion reactions, shock or prolonged hypotension, 
burns, various types of injuries, and from numerous other causes. The sub- 
sequent morbidity and mortality in such patients have been high in spite of the 
use of various forms of therapy. 

Malloy’^, Lucke^, and others, on the basis of material obtained at autopsy 
from known cases of renal failure following' injury, transfusion reaction, etc.> 
have pointed out that the significant pathologic changes in the renal paren- 
chyma, while not necessarily specific, are practically constant in location. These 
lesions are for the most part confined primarily to the distal tubular segments 
of the nephron units. They are often reversible in that healing of the areas 

* Read before the American Surgical Association, Quebec City, Quebec, May 27, 1948, 
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of tubular damage may ensue with recovery of adequate renal function and 
survival of the patient. 

Muirhead, et aF, have pointed out that the poor past record in the manage- 
ment of these cases may be attributed to one of two general causes: (1) the 
injury sustained by the patient is so great as to preclude the success of any 
type of management or, (2) the type of management in the past has not been 
conducive to the proper recovery of these cases. (The primary disease present 
in the patient, such as a far advanced carcinoma of the stomach with per- 
foration, may preclude ultimate recovery from the primary disease, but does 
not necessarily prevent the recovery from renal failure which may have de- 
veloped in such a patient). Cases 6 and 10 are examples of these situations. 

Table I . — Electrolyte Excretion Preceding and During the Phase of Diuresis. 




Urine 

Urine* 

— Serum* — 

Plasma Electrolyte Volume 

Patient 

Day 

Volume cc. 

Na Cl 

Na 

Cl 

or 







0.97o NaCl Equivalent** 

Case 2 

11-12- 





49.8 Gm. NaCl — 5.53 liters of 


13 

S32S 

90.8 78.0 

120 

87 

0.9% NaCl in 9.4 liters urine. 
Equivalent to 6.8 liters E.C.F. on 








14 

4100 

89.7 73.0 

• * • 

• • • 

the basis of Cl, or 5.86 liters on 
the basis of Na. 


9 

240 

42.3 

139.7 

98.5 

0.097 liters — 0.4 Gm. NaCl. 

Case 1 

14 

2000 

46.0 

133.7 

93.3 

0.876 liters — 5.38 Gm. NaCl. 


20 

807S 

73.2 

13S.4 

98.2 

34.6 Gm. NaCl — 3844 cc. 0.9% 
NaCl or 5.63 liters E.C.F. equiva- 
lent. 

Case 4 

IS 

3200 

90.2 

... 

. . . 

16.88 Gm. NaCl — 1875 cc. 0.9% 
NaCl or 1.99 liters E.C.F. on 
basis of Na. 

* M. Eq/L. 






** Estimated 

on the basis of Na 

— 145 M. eq./liter E.C.F. 

and Cl 

— 105 M. eq./L. E.C.F. 


Renal tubular epithelium which has been the site of injury may heal 
within a relatively brief period of time. Evidences of such healing have been 
observed in autopsy material in our own series of cases as early as the 8th 
da 3 ^ Clinically, recover}'^ of the ability of the kidney to excrete urine has usually 
occurred in our own experience within seven to 14 days. It has been assumed 
that this onset of diuresis reflects progress in healing of the renal parenchymal 
lesion. 

THE MANAGEMENT OF ACUTE RENAL INSUFFICIENCY* 

The plan of -therapy falls into.- three phases, (-1) the period, of shock, 
hemolysis, injury, etc., (2) the period of renal insufficiency lasting one to 14 
daj^s, and (3) the period of recoverj'^ diuresis which ordinarily lasts five to 
seven days. The actual treatment varies considerably during these three 
phases. During the period of shock or hypotension, treatment consists of the 
measures usually employed, i.e. blood transfusions, oxygen, intravenous fluids, 

* Excluding internal or external hematodialysis. This three-phase plan is similar to 
that suggested by Muirhead.® 


380 













I -/ 


« c ^ 

c? e / .s 

'I 


^ O) 

c c; Q. 

g^o 


1 fc c 

I *~< o n 

.. '-C ,o 

ra '-a 
•Sag 
« E ^ 
£ <g *5 

C *- 
S’ H O 
o 


I U E 

I 

a^la" -a 

£ E o j. s 

J i g 

° «lsM 


-r I 

.-s 1 °-: 

53 « if 

C ^ ^ 

§ ^ ^ 

r* ^ 

Jj H o' 

£» ja -S 


•( w 

• / "S I 

'^1 ///I 


^ S ;! g / .? ^ g 
^ t 


■'■ -f-/- 

“■'+' / /+ 


p / ^ p 

- Sop 

t ^ lT 

O 

CO ^ 

C? g 

c ? « S " 

2 E S £ 

■* O *^0 

' „ c; CO o 

c 5 £ § c 

■*- o a 
o £f ^ 

j; IK .« 

•*«» CO ^ 

^ 5 ^ 

•a -o ° 

- S c 

m B o 

£f 

- a ^ 

V ^ *o 
*-• > o 
«y > u 

^ 0 \ .c 
o VO ” 

a> 


O *-• 

J u u 

' S -J ■ , 

’ ++ / / -I 

Ay 


■O 53 £ 

^ ^ 

« f™ £ 

t. 

’-C . o 

CO •— « i? 

O O Q« 


CO 

.o 

O 
•— « 

nj 

> 


L^ 

CO 

tL> 

> 

CO 

CO 


^ t: t 
> a s 

sz t>. 
O 2 O 

o 2 2 


•3 > ^ 

rJ o •:3 •-r 

S g ^ £ 

fc( 


' CM ro 

>0 ^ 


382 



Volume 128 
Xmtibcr 3 


RENAL INSUFFICIENCY 


etc. As soon as renal insufficiency becomes manifest, a sample of blood from 
the patient is sent to the blood bank for re-checking of the original cross match, 
if this is thought to be the source of the difficulty, extra-frenal parenchymaU 
urinary tract obstruction is excluded to the satisfaction of the attending staff, 
and the total fluid intake of the patient is immediately limited to the daily 
calculated insensible loss, (perspiration and respiration). This will vary 
between 1000 and 1800 cc. in the afebrile patient and consists of water given 
orally or 5% glucose in distilled water intravenously. This restriction of total 
fluid intake is enforced until adequate urine output ensues. 



Fig. 3 (Case 2). —Characteristic oliguria-diuresis curve in a patient with anuria 
following a hemolytic transfusion reaction. Subtotal gastrectomy for carcinoma. 
Recovery. Note the declination of intake and the increment of urine output during 
the phase of recovery diuresis. 

Periodic blood NPN and carbon-dioxide combining power determinations 
are made throughout the period of renal insufficiency. Such determinations 
are optional but at the same time desirable. Correction of the CO 2 combining 
power is carried out only when levels of 40 volumes % or lower are reached. 
This is achieved by the use of sodium bicarbonate orally or sodium lactate 
(one-sixth molar) intravenously. Such measures modify the CO 2 com- 
bining power without necessarily correcting the actual cause of the acidosis. 
It should be recognized that the use of these solutions leads to the introduc- 
tion of sodium salts in the presence of renal insufficiency. 

Calcium gluconate or levulinate intravenously in 10 cc, doses is employed 
daily throughout the period of renal insufficiency to allay the development of 
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the signs and symptoms of tetany. This measure is also optional. The diet 
given these patients has varied considerably and the authors have noted no 
untoward effects from either high protein intake or restriction. The salt 
content of the diet should be restricted to 200-800 mg/day until diuresis 
occurs. If a positive fluid load, i.e. endema, has occurred either during or prior 
to treatment, rigid restriction of salt and fluid intake is employed until the 
positive fluid load is corrected. 

During the third phase of treatment (recovery diuresis) an interesting 
paradox may occur. Recovery of renal function is made apparent by the 



Fig. 4 (Case 10). — Hyaline casts in the tubules of the medulla. The 
pyknosis of the nuclei (A,B) are indicative of regeneration of epithelium 
in a patient with a perforated carcinoma of the stomach who died 14 days 
following a transfusion reaction. Recovery diuresis present at the time 
of death. 

daily increase in urine output. (Figs. 1, 2, 3). At the same time, abnormal 
water and electrolyte losses in this urine may place the life of the patient in 
jeopardy from acute dehydration or hypopotassemia (Table II). Therapy at 
this time is therefore directed at accurate replacement of urinary losses of 
sodium, potassium^, and water. This is mandatory if acute dehydration is to 
be prevented. Urine analyses for sodium, potassium and chloride at this time 
are desirable. The method of replacement of salt and water losses during this 
period has been achieved through the use of Ringer’s Solution intravenously 
and/or a 0.5% salt solution orally.* Inasmuch as it is extremely difficult to 

*■ NaCl — 4.0 Gm./liter plus NaHCOs 1.0 Gm./liter. 


384 



Volume 128 
Number 3 


RENAL INSUFFICIENCY 


either anticipate or replace a urine output of eight or nine liters in 24 hours, 
careful attention is given to the daily increment in urine output once the 
phase of recovery diuresis has become manifest. When the urine output reaches 
a level of 5 liters or more daily, an equivalent amount of Ringer’s solution 
intravenously is given. Any difference between output and intake is paralleled 
by an oral intake of salt solution equivalent to the amount of urine passed 
with each urination. Decreasing the fluid intake has not reduced the incre- 
ment in urine output even when such a plan has been carried out over a four 



Fig. S (Case 10). — Crystals in the distal convoluted tubules. Cloud}’ 
swelling of epithelium in the proximal convoluted tubules with precipi- 
tated protein in the lumen. 


day period. (Fig. 3). The degree of recovery diuresis will vary tremendously 
with different patients, in some instances being quite marked, in others, of 
little consequence. 

Following restitution of the urine output to normal levels, renal function 
tests are carried out. These tests are optional, but do reflect the degree of 
recovery which has taken place. The blood NPN has not returned to normal 
levels, in the experience of the authors, for some 28-35 days after the initia- 
tion of renal insufficienc 3 ^ Muirhead® has pointed out the inability of the 
kidneys under these circumstances adequately to excrete nitrogenous waste 
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materials despite a lecovery diuresis. In cases 1,2-3, 4, tlie blood NPN reached 
a peak increment and then a descent to loner values between the 12th and 
14th day in each case. Weight loss during the period of diuresis has been 
quite striking in two of the patients in the recoveiy group (Cases I, II). 

CASE HISTORIES 

Patients 1, 2, 3, 4, 5 and 10 were treated b}’' the three phase plan of 
management. Patients 6, 7 , 8, and 9 represented previous fatalities on the 



Fig 6 (Case 8) — Dilated vasa recti with dense perivascular infiltra- 
tions indicative of sulfonamide h 3 'i)ersensitivity in the light kidney occur- 
ring in a patient in whom renal insufficiencj- was initiated by shock. 
Aplastic left kidney Death 9 days following partial esophagogastrectomy 
for carcinoma 

surgical service and were selected for the availability of autopsy material and 
because the therapy which the}'^ had recewed for their renal insufficiency was 
in direct contrast to the management now advised. 

Case 1. — C. J., age 36. Bronchiectases of the left lower lobe and lingula. Left lower 
lobectomj- and lingulectomy 3/10/47. Prolonged hypotension despite repeated transfusions 
of whole blood (3000 cc ). No untoward reaction to the transfusion was noted. The urine 
output in cubic centimeters on successive days was 0, 230, 60, 60, 0, 0, 30, IS, 240, 160, 120, 
647, 807, 1043, 2000, 3000, 4500, 6200, 6925, 8115, 8075, 7000, 7200, 6656, 7200, 3700, 3275, 
3125, etc. (See Figs. 1, 2, and Table II ) During the entire course of his illness the patient 
was alert and cooperative. Subsequent hypoproteinemia and anemia were coriected with 
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concentrated bermn albumin I.V. and transfusions of washed red cells and dietary meas- 
ures. Vigorous replacement of salt losses during the period of diuresis was carried out. 
Despite a considerable weight loss, the patient recovered from the renal insufficiency 
(14 days) uneventfully and was discharged from the hospital feeling very well. Patient 
alive and well 1 year later. 

Case 2. — ^W. S., age 64. Carcinoma of the stomach. Subtotal gastrectomy 2/6/48. 
Transfusion reaction with hemolytic jaundice, anuria (Fig. 3, Table II.) The patient 
received three transfusions during and following operation. Re-check of the original 
cross-match revealed no errors, both the recipient and 3 donors being typed A Rh — , 



Fig. 7 (Case 6).— Granular heme casts in the distal portion of the 
nephron in a case of hemolytic transfusion reaction. 


It was felt that the patient had been previously sensitized to a peculiar sub-group in the 
third donor. His history revealed that he had received both blood and plasma elsewhere. 
The first voided urine sample (P.O.) was port-wine in color and positive to both benzi- 
dine and guaiac. Urine output in cc.’s on successive days was 420, 16, 34, 50, 35, 52, 70, 
160, 256, 705, 1065, 1815, 2445, 4100, 5200, 5325, 4250, 2150, etc. The patient remained 
alert, ambulatory and cooperative during the period of renal insufficiency (10 days) and 
recovered uneventfully. 

Case 3. — E. H., age 64. Carcinoma of the urinary bladder. Cystectomy and bilateral 
uretero-sigmoidostomy 7/20/47. Hemolytic transfusion reaction with jaundice. Anuria. 
Hypertension and mild right hydronephrosis. 

The patient was placed on a program of daily replacement of insensible loss of fluid 
— calculated at 1500 cc., periodic correction of the CO 2 combining power, calcium salts, 
1 gram daily I.V., and replacement of salt loss. The urine output on successive days was 
0, 0, 125, 75, 350, 450, 514, 655, 1470, etc. The blood NPN rose steadily to 296 mg.% 
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14 days after operation. The patient remained alert and cooperative during his entire 
illness and underwent a satisfactory recovery. Alive and well 4 months later. (See 
Table I.) 

Case 4. — C. C., age 54. Essential hypertension. Bilateral splanchnicectomy and dor- 
sal sympathectomy 1/8/48. Severe hypotension P.O. Anuria. 

The patient’s blood pressure fell to low levels in the immediate postoperative period 
and returned to normal only after vigorous supportive therapy. The urine output on suc- 
cessive days was 130, 150, 150, 850, 700, 710, 700, 1500, 1700, 2250, 2900, 2885, 2100, 3990, 
3200, 2900, 2900, etc. During his entire illness the patient remained in a semi-stupor with 
periodic muscular twitchings which did not respond to any of various forms of therapy 
employed. These changes were believed to represent cerebral damage. Recovery from 
renal insuffiency began on tlie Sth P.O. day and it was felt that recovery would take 
place. On the 20th P.O. day, the patient experienced an episode of diarrhea with acute 
circulatory collapse and dehydration. This responded to parenteral therapy with salt 
solutions. Two days later, the patient expired from sudden cardiac decompensation. 
In retrospect, the possibility of h 3 '^popotassemia and insufficient salt replacement un- 
doubtedly played a role in the sudden demise (Table II). 

Case 5. — V.G., age 42. Carcinoma of the cervix grade IV-B with osseous metas- 
tases. Previous intensive irradiation therapy. Left nephrectomy, 1942, for calculous 
disease. Right hydronephrosis. Anuria from presumed sulfonamide sensitivity. Severe 
anemia. 

For 24 hours prior to admission (2/28/48) the patient had been anuric. This was 
presumed to be due to ureteral obstruction. Cystoscopy and' ureteral catheterization 
revealed an absence of urine both in the bladder and in the renal pelvis. Urine output 
on successive days was 0, 24, 275, 55, 50, 80, 1270, 1250, 1050, 1600, 1800, etc. In view 
of the positive fluid load on admission, fluid intake was restricted to an average of 
1000 cc. daily for the first five days. The patient remained alert and cooperative and 
recovered from the renal insufficiency on a very conservative program. 

Case 6. — F.S., age 41. Commenuted supracondylar fracture left humerus. Anuria 
following incompatible blood transfusion. (Donor A-l-, recipient O-f.) Death nine days 
following transfusion reaction. Total intake 31,545 cc., total urine output 730 cc. during 
this period. 

Autopsy revealed acute hemorrhagic parenchymatous nephritis (Fig. 7), multiple 
infarcts, emboli, petecheal hemorrhages, intense pulmonary congestion and edema. Bi- 
lateral hydrothorax. 

Case 7. — G. H., age 61. Chronic cholecystitis with lithiasis. Common duct stone. 
Obstructive jaundice. Liver abscess. Choledochoduodenostomy 4/15/43. Progressive 
renal insufficiency P.O. History of anuria in family from similar operation. Death six 
days P.O. Total intake 33,375 cc. Total urine output 1734 cc. 

Autopsy revealed active ascending cholangitis, liver abscesses, bilateral hydrothorax, 
ascites, arteriosclerotic nephropathy and lower nephron nephrosis. 

Case 8. — B.G., age 62. Adenocarcinoma cardia of the stomach with esophageal exten- 
sion. Transthoracic esophago-gastrectomy 6/8/42. Prolonged P.O. hypotension (12 
hours). Death 8 days following resection. 

The patient received a total fluid intake of 38,835 cc. in the P.O. period. Total urine 
output, 9,130 cc. 

Autopsy revealed an aplasia of the left kidney and lower nephron nephrosis of the 
right kidney (Fig. 6). (Sulfonamides had been administered in the P.O. period.) Pulmo- 
nary edema and atelectasis. Advanced arterio-sclerotic nephropathy. 

Case 9. — R.V., age 30. Gas gangrene left leg. Amputation five days prior to admis- 
sion. Disarticulation at knee and debridement of thigh 3/12/43. Death 3/16/43. 

The patient was in deep shock on admission and remained moribund during his course 
in the hospital. Total intake (3 days) 12,175 cc. Urine output 665 cc. 
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Autopsy revealed lower nephron nephrosis and pulmonary edema with bilateral 
hydrothorax. Sulfa crystals were present in the renal tubules. 

Case 10. — H.S., age 63. Far advanced carcinoma of the stomach with perforation 
and localized peritonitis. Multiple transfusion reactions (hyperthermia) and anuria. 
Gradual recover}’- renal function with urine output reaching 2600 cc. on 13th day. 
During this period patient was moribund from primary disease. Autopsy revealed lower 
nephron nephrosis (Fig. 4, S) with advanced healing of tubular epithelium and crystals 
of undetermined etiology. Carcinoma of the stomach with perforation. 

SUMMARY 

A simple program of treatment for acute renal insufficiency of the lower 
nephron type is presented. The clinical course of the patients so treated 
has been entirely satisfactory. 

It is conceivable that should renal tubular function fail to recover in the 
expected time interval, more energetic measures including hematodialysis 
should be employed. The authors have not found this necessary in the series of 
cases which they have treated. 
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Discussion Dr. E. I. Evans, Richmond, Va. : I am very sorry that because of 
the time limit Dr. Campbell did not get to present his complete material. We have 
learned from his and other work that one simply must not force the kidney to do 
work that it cannot do. In other words, we must let nature do what nature can do 
and, if nature cannot repair the damage, there is not much that one can do about 
tubular degeneration. 

I rise only to point out that there is a preventive aspect in this, which I am sure 
he would have brought out had he had time. From all the work done on clinical 
shock during the past five or six years one thing has been learned, namely, if one is 
to prevent the shock kidney, one must keep to a very short period, the time the patient 
is in actual shock. One cannot take a long time to get infusions begun, one cannot 
expect good results in the therapy of shock when insufficient amounts of blood are 
given, and so on. There is a safe period of only about two or three hours at the most 
and if shock is prolonged beyond this period, tubular regeneration of the kidney can- 
not take place. We should not forget the important preventive aspect of this in con- 
.‘■•idering the shock kidney. 

Dr. Frederick A. Coixer, Ann Arbor (closing) : Dr. Campbell has given you 
briefly a picture of the work of Trueta and his associates, Lucke, Mallory and others, 
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which I will not amplif 3 ' except to express our indebtedness also to Muirhead and Hill. 
He has not had time to present to j’ou in any detail the treatment of these patients 
with anuria associated with hj'potension, tissue damage or blood incompatibilities. I 
will give an outline of the management of the two cases he has mentioned and shown 
on slides. 

It can be divided into four phases ; Phase I, in which the patient is or may be in 
hypotension. We agree with Di. Evans that tihis should be corrected as soon as pos- 
sible, otherwise the state maj^ become irreversible. Transfusion of properly chosen 
blood is usually necessarj'. Phase II is that of obliguria or anuria. We have learned, 
as have others, that forcing fluid in the endeavor to force the kidnej' to work nearly 
always ends in disaster. Therefore, the patient is given onl)-^ the amount of water that 
he is losing from his skin and lungs, which at comfortable environmental temperature 
is usuallj" 1200 to 1500 cc, a daJ^ This is given orall}' when possible, otherwise 
parenteral]}' as 5 per cent glucose in water. The CO: combining power should be fol- 
lowed daily and if it falls below 40, the impending acidosis must be corrected by the 
administration of sodium bicarbonate by mouth or sodium lactate solution intra- 
venously. The patient is allowed to eat if lie will do so; any light diet with' low pro- 
teins seems satisfactor}'. If muscular twitchings develop, it will be found that the 
utiliaable calcium is diminished, probably combining with phosphates, sulfates or bile 
salts in case of jaundice, and one gram of calcium glucosate is given each day. This 
program is carried out until diuresis occurs, which may not be for two or more weeks. 
The patients are comfortable and conscious if acidosis is not allowed to supervene in 
spite of the rising N.P.N. The third phase of the management covers the phase of 
diuresis. This must be watched for since it may come suddenly with the passage of 
several liters of urine. The water and salt must be replaced accurately and as lost. 
If this is not done, dehydration may cause death. Interestingly enough, the urine 
passed at this time is not concentrated, 1.010 to 1.014. The pliase of diuresis may last 
two or three or more days, when the patient’s condition impro\'es and the urinary out- 
put appro.ximates normal. The kidney does not return immediately to normal and 
we pass to Phase IV, in rvhich the kidney recovers its former function, whidi may 
take a month or more. No special therapy is indicated. The high blood N.P.N. slowly 
declines. We feel that no special effort should be made to influence this chemical 
hnding since other chemical abnormalities arc more important. 

We feel that not only should these patients be kept on the dry side, but that all 
patients who have had e.xtensive traumatic operations, especially those that last many 
hours often associated with blood loss and hypotension, should also be given water 
with caution. The phrase “force fluids” sihould be abolished. It is nearly routine 
practice to start fluids with the operation and keep it flowing throughout the entire 
time of operation. The longer the operation the greater will be the trauma and the 
greater the chance for renal damage. The amount of fluid given should not be de- 
termined b}' the length of the operation, but upon other criteria. We have recently 
studied the management of water in patients undergoing combined abdominoperineal 
resection and in every instance there has been an adequate output of urine for 36 
hours; that is, there has been water retention. The urine in this phase has the same 
characteristics as that passed by the post-anuric patient in the diuretic phase. Patients 
suffering from trauma, operative or otherwise, should be given fluids with great care. 
If water is given that cannot be utilized or e.xcreted, harm may be done. 


390 



THE SIGNIFICANCE OF URINE CHLORIDE DETERMINATION IN 
THE DETECTION AND TREATMENT OF DEHYDRATION 
WITH SALT DEPLETION*' 

K. Keller Van Slyke, M.D., and Everett Idris Evans, M.D., Ph.D. 

THE TECHNICAL ASSISTANCE OF 

Miss Rachel Lewis and Miss Ruth Taylor 

FROM THE SURGICAL RESEARCH LABORATORY, MEDICAL COLLEGE OF VIRGINIA, RICHMOND, VIRGINIA. 
THIS STUDY WAS CARRIED OUT UNDER A GRANT FROM THE OFFICE OF RESEARCH AND INVENTIONS, 

UNITED STATES NAVY. 

The physician frequently faces the problem of how much and what 
kind of parenteral fluids to administer; in most cases the problem is the quan- 
titative one of how much water and how much salt the patient needs. Neither 
physical examination nor estimation of plasma chloride concentration gives 
adequate information. However, our experiments with dehydrated human 
subjects indicate that, when renal or adrenal function is not damageed, the 
problem can be solved by measuring the urine volume excretion and urine 
chloride concentration, both of which are bedside determinations,* 

The physiologic principles of water and electrolyte balances, which have 
been developed especially by the work of Gamble^ and Peters,'^ are well 
reviewed by Mariott.'^ Bod}'’ water may be regarded as separated into three 
compartments: plasma, interstitial tissue fluid, and intracellular fluid (Fig. 1). 
Body electrolytes may be regarded as separated into two compartments : intra- 
cellular and extracellular, the latter corresponding to the plasma plus inter- 
stitial spaces (Fig. 2). Roughl}^ speaking, the capillary membrane is freely 
permeable to water and electrolytes while the cell membrane is freely permeable 
to Avater alone. Equalit}'’ of osmotic pressure throughout the body fluids, 
intra- and extracellular, is maintained by water shifts across all membranes 
and electrolyte shifts across the capillary membrane. The shifting extracellular 
electrolyte is predominantly sodium chloride (Fig. 2). Under ordinary con- 
ditions, the kidneys adjust excretion of water, and sodium chloride and other 
solids so accurately to intake that the volume and electrolyte concentration 
of the extracellular fluid are kept extraordinaril}'- constant, providing the cells 
with the “internal environment” of Claude Bernard. For the cells to function 
normally, the volume of extracellular fluid must be kept adequate, and the 

By the method of Fantus,^ urine chloride concentration can be quickly measured at 
tlie bedside with an accuracy of plus or minus 0.5 grams NaCl per liter of urine. The 
necessary apparatus and solutions are : a test tube, a medicine dropper, 20% potassium 
chromate, 2.9% silver nitrate, and distilled water for rinsing the dropper. To 10 drops 
of urine in a test tube, add 1 drop of potassium chromate solution and then silver nitrate 
solution, a drop at a time with shaking until the test tube contents suddenly change from 
yellow to brick red. The same dropper ■ must be used throughout and rinsed between 
solutions. The number of silver nitrate drops required to produce the color change equals 
the 'Urine sodium chloride concentration in grams per liter. Tests on 50 random hospital 
urine samples gave an average of 7.37 Gm. NaCI per liter urine with variations from 1 to 16 
Gm. per liter. 

*■ Read before the American Surgical Association, May 27, 1948. 
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composition and pH must be kept within “physiological” limits; the osmotic 
pressure must be kept near that of 0.9% NaCl solution. 

Local deviations from isotonicity are prevented by rapid water and salt 
shifts within the body; abnormal changes in the volume or composition of 
the total body fluids are prevented by the kidneys. When either water or salt 
intake is low or extra-renal loss is excessive, isotonicity is safeguarded by a 
corresponding decrease in either water or salt output by the kidneys. When 
renal mechanisms are normal one may expect to find small urine volumes 
with water depletion and low urine salt concentration and excretion with salt 
depletion. Such relationships are illustrated in the experiment presented 
below, and form the basis for the plan recommended for guiding parenteral 
fluid therapy. 



As Marriott points out,^ dehy- 
dration is a term that covers two 
conditions that differ in cause, in 
physiologic and clinical effects, and 
in treatment needed. These condi- 
tions, named according to their ini- 
tiating causes, are primary water 
depletion and primary salt deple- 
tion. (Marriott calls them “pure” 
depletion, but the term “pure” 
seems unfortunate, because salt de- 
privation or loss invokes accom- 
panying water loss, and water de- 
privation or loss invokes salt loss.) 

Primary water depletion is seen 
in conditions in which, usually be- 
cause of generalized weakness or 
dysphagia, patients fail to drink 
adequate amounts of fluid. In de- 
bilitated patients it occurs more 
commonly than is recognized. The 
chloride concentration of the 
plasma may remain normal ; the 
kidneys usually excrete enough salt to maintain extracellular isotonicity, 
Primaiy salt depletion occurs when there is abnormal loss of salt from the 
body with adequate water intake. The salt loss may occur in profuse sweat- 
ing, excessive vomiting, gastric suction, diarrhea or alimentary tract fistulae.* 
Since the kidneys will not retain water without salt until the salt loss is severe, 
depletion of body water occurs, even if adequate amounts of water are drunk. 
Thus, though total body salt may be depleted, plasma cliloride concentration 


Plasma Interstitial 
Fluid 

I. - ■ — t 

Extracellular Fluid 


Intraccirufar Fluid 


Fig. 1.- 


-Body fluid compartments of nor- 
mal 70 kg. man. 


*The discussions and conclusions set forth in this writing do not pertain to the 
unusual electrolyte maladjustments encountered in Addison’s disease. 


392 



Volumo 128 
Number 3 


URINE CHLORIDE DETERMINATION IN DEHYDRATION 


may remain relatively normal so long as the extracellular fluid volume dimin- 
ishes enough to compensate for the salt loss, and water excretion may remain 
adequate despite diminished extracellular fluid volume. 

Figures 3 and 4 (taken from Marriott) show the theoretical water redis- 
tributions between the body compartments in primary water and primary 
salt depletion respectively. 

With primary zvater depletion (Fig. 3) the extracellular fluid tends to 
become hypertonic , but tins tendency is combated by two mechanisms ; water 
moves across the cell membrane into the extracellular space, and the kidneys 
diminish their water output to the minimum obtainable by tubular reabsorp- 


Exfracellufiir Fluid Intracellular 



u 

Fig. 2. — Composition of body fluid compartments of normal man. 


tion. Although intracellular dehydration is marked, there may be no great 
change in either the plasma volume or electrolyte concentration. In this con- 
dition one may expect a minimal urine volume, normal or increased plasma 
and urine chloride concentrations, and no cardiovascular changes referable 
to diminished plasma volume. 

With primary salt depletion (Fig. 4) the extracellular fluid tends to 
become hypofo7Hc. The kidneys exert themselves to combat this tendency , 
they continue to excrete water hut practically no salt. Plasma chloride con- 
centration falls only when the kidne3’^s can no longer excrete enough extra- 
cellular water to compensate for the salt loss. When plasma chloride con- 
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centration does fall, the loss of body water may be greatly out of proportion 
to the relative decrease in plasma chloride concentration. Shrinkage of plasma 
volume ma}^ become so great that clinical shock may develop. 

In both primary water depletion and primary salt depletion, the kidneys 
exert maximum efforts to maintain isotonicity of the plasma and interstitial 
fluids, and in these efforts excrete urine that shows variations in volume and 
salt concentration greatl}' exceeding the variations in volume and salt con- 
centration that occur in the plasma. The decrease of water excretion in pri- 



URINE VOLUME DECREASED 
URINE CHLORIDE CONCENTRATION 
NOT DECREASED 

PLASMA CHLORIDE CONCENTRATION 
NOT DECREASED 

Fig. 3. — Water depletion. 

mar}'- water depletion, and of salt excretion in primary salt depletion, becomes 
marked when the plasma changes have hardly exceeded the normal range. 
Hence, it appears that, provided the kidneys are uninjured, urinary analyses 
can provide more sensitive indication of tlie occurrence and type of dehydra- 
tion than can plasma analyses ; that is, urine analyses can be expected to show 
earlier and more definitely than plasma analyses when body conditions change 
in either type of dehydration, from the normal to the abnormal. 
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On the other hand, since the kidneys respond early with nearly maximal 
limitation of water or salt output, it follows that urine analysis cannot be 
relied on to show the difference between moderate and severe dehydration 
of either type. The severity of the depletion may be determined either by 
observing the amount of water and salt therapy required 'to reestablish the 
excretion of water or salt, or by plasma measurements such as chloride and 
CO2 concentration, specific gravity and blood hematocrit. 

When the kidneys are diseased, or injured by shock or severe dehydration, 
the urine probably does not indicate internal conditions of salt and water con- 
tent as accurately as when the kidneys are normal. Even kidneys which have 
been apparently normal one day, may, as the result of a transitory period of 
shock, be so damaged that the next day they excrete only a small volume of 
urine with little solids of any kind. This may occur in the immediate post- 



TFuld 

URINE CHLORIDE CONCENTRATION DECREASED 

plasma chloride concentration not 
decreased until salt depletion is 
GREAT 

Fig. 4. — Salt depletion. 

Operative patient. Possibly salt retention postoperatively and during times 
of stress may result from the so-called “alarm reaction,” a physiological state 
resulting from adrenal hormone secretion. Coller^ and Moyer® have shown 
that postoperative patients tend to retain salt, and they have cautioned against 
overloading the patient with salt. Urine salt concentration or excretion cannot 
be used as a guide to salt therapy under conditions of renal salt retention. 
Further studies are needed to determine the conditions under which the kid- 
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Fig. 5. — Human volunteer experimental demonstration of water 
and salt depletion showing- (1) the renal threshold level of about 
95 percent normal plasma^ chloride concentration, (2) the greater 
sensitivity of urine chloride concentration as opposed to plasma 
chloride concentration as an index of salt depletion and replace- 
ment, (3) the excessive water and salt retention resulting from con- 
tinued saline infusions after chlorides reappear in the urine. 
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neys do retain salt. Further studies are also needed to rule out the possibility 
of salt ‘'spillage” into the urine during and following saline infusion. Sucli 
spillage could falsely indicate adequate salt replacement. 

In the great majority of cases of dehydration encountered, however, urine 
analj^sis serves well to indicate early the occurrence and type of dehydration 
and to indicate when therapy is necessary or nas been adequate to return the 
volume and salt content of the plasma and interstitial fluids to their normal 
ranges. 

EXPERIMENTAL PROCEDURE 

The following experiment, which is one of three, illustrates the applicabil- 
ity of the above principles in a case of mixed salt and water depletion caused 
by prolonged gastric suction. 

W. L., a healthy medical student, voluntarily subjected himself to a care- 
fully controlled IS-day water and salt balance study. This study (Fig. 5, 
Tables I, II, and III) may be divided into three periods: (1) Preliminary con- 
trol — ^the first three days. Daily measurements were made during this control 
period and their average taken as “control.” (2) Depletion period or period 
of gastric suction — the next four days. Constant gastric suction during this 
period produced a marked mixed water and salt depletion. Water was drunk 
as desired but was all recovered by gastric suction. No parenteral fluids were 
administered. (3) Replacement period — ^the last eight days. Water was drunk 
as desired. Salt depletion was slowly overcome by a measured dietary intake 
(0.8 to 1.2 Gm. NaCl daily), supplemented by intravenous 0.9% saline. The 
salt supply of the body was replaced slowly in order to increase the number 
of days over which the replacement could be observed. Five hundred cc. of 
0.9% saline (4.5 Gm. NaCl) solution were given daily for three days, but 
since complete replacement appeared unlikely within the 15 days available for 
the experiment, daily 0.9% saline solution administration was increased to 
750 cc. on the fourth day and to 1000 cc. the last four days. The experiment 
was ended when plasma chloride concentration no longer increased. 

All chloride determinations were done in duplicate, using the open Carius 
method.’^ The salt intake was measured by chloride determinations of aliquot 
samples of diet and infusion solutions. Salt output was determined by meas- 
uring the volume and chloride concentration of 24-hour urine and gastric 
suction collections. 

In order to compare urine and plasma chloride concentrations on the same 
chart, they are plotted as “per cent of control,” the “control” values being 
the average of the control period concentrations. 

The total salt content of the plasma was measured by multiplying the plasma 
salt concentration (calculated from chloride) times the plasma volume, the 
latter being measured with T-1824 blue dye.® Total extracellular space salt 
content was estimated by multiplying the plasma salt concentration by the 
thiocyanate space volume.® Both plasma volume and thiocyanate space deter- 
minations were made from six-point disappearance curves using a Coleman 

Model 6 spectrophotometer. 
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Hematocrits were measured in quadruplicate by centrifugation at 3000 
RPM for 45 minutes. Plasma total protein concentrations were determined 
by the copper sulfate specific gravity method of Phillips, et al.*^ 

Other measurements were ; body weight, urine pH, urine specific gravity, 
urine CO 2 , plasma CO 2 . and plasma total base concentration. The measure- 
ments pertaining to acid-base balance will be presented in a subsequent 
publication. 

All measurements were made daily except plasma volume and thiocyanate 
space. These were measured about eveiy other day. 

EXPERIMENTAL RESULTS 

Examination of Figure 5 and Table I, II, and III show that the subject 
was in good salt balance during the preliminary control period ; plasma chloride 
concentration varied ±2%, urine chloride ± 6 ; total extracellular salt esti- 
mations were 103 and 101 Gm. 

Table II. — Experiment W. L. — Chloride Measurement 

fTota! Thio- 
*TotaI cyanate 
Plasma Chloride Plasma Space 


Experi- Day of 


-Concentratio! 

n 

NaCl 

NaCl 

Urin 

e NaCl 

mental E.\pen‘- 


(mg % 


Content 

Content 

Concen- 

% Control 

Period 

ment 

(mEq/L) 

NaCl) 

% Control 

(Gm./ 

(Gm./ 

tration 

Concen- 






NaCl) 

NaCl) 

(Gm./L) 

tration 

! 

' 1 

106.0 

620 

ave. = 


102.9 

3.7 

ave, = 

Control .{ 

2 

102.4 

599 

100% 

— 

— 

3.3 

100% 

i 

3 

103.8 

607 


15.5 

101.0 

3.5 



' 4 

103.4 

60S 

100.0 

. 

— 

2.0 

57 

Depletion 

s 

97.6 

571 

94.2 

14.0 

86.2 

0 

0 


6 

88.6 

518 

85.5 

11.0 

73.0 

0 

0 


[ 7 

81.2 

475 

78.4 

— 

— 

0 

0 


r 8 

78.4 

459 

75.7 

9.0 

69.8 

0 

0 


9 

80.4 

470 

77.6 

— 

— 

0 

0 


10 

86.2 

509 

83.2 

12.5 

73.8 

0 

0 

i 

11 

89.6 

524 

86,5 

— 

— 

0 

0 

Replacement... -i 

12 

93.6 

548 

90.3 

15.6 

— 

0 

0 

13 

98.0 

573 

94.6 

— 

— 

0.3 

0.7 


14 

101.6 

594 

98.1 

— 

120.6 

1.0 

27 


15 

107.0 

626 

103.3 

— 

— 

2.1 

60 


16 

107.4 

628 

103.7 

23.2 

130.6 

— 

— 

* Total plasma salt content = plasma 

NaCl concentration 

X plasma volume 



t Total thiocyanate .'aJt content = plasma NaCl concentration X ll'iocyanate space volume. 


During the four days of gastric suction there was a daily negative salt 
balance of -—12.4 Gm., —13.7 Gm., —5.9 Gm., and —2.8 Gm. ; a total of 
34.8 Gm. of salt loss in four days. Salt replacement was completed on the 
sixth day of the replacement period, 33.2 Gm. NaCl having been replaced at 
the end of the fifth day and a total of 43.1 Gm. by the end of the sixth. The 
positive salt balance during the final three days represents a retention in excess 
of that lost during the depletion period. 

During the first day of gastric suction, extracellular salt content decreased 
15 Gm., a loss equal to the total amount of salt normally present in this sub- 
ject’s plasma. Despite this salt depletion, plasma chloride concentration fell 
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only 6%, while on the other hand, urine chloride concentration fell to zero 
and remained zero. These figures show that the moderately severe salt deple- 
tion was quickly apparent from the decrease in urine chloride concentration 
while it was scarcely detectable from the plasma chloride concentration deter- 
minations. The plasma chloride concentration was being maintained by cessa- 
tion of chloride excretion in the urine. 

At the end of the depletion period, plasma chloride concentration was 459 
mg. fo, a fall of only 24% below normal control concentration. At this time 
the extracellular salt content had fallen 32 Gm. below normal, this figure 
checking well with the 34.8 Gm. of NaCl recovered from the gastric fluid and 


Table III. — Experiment IV. L. — Miscellaneous Data 

Total 

Blood Total 





Spun 

Loss 

Plasma 


Thio- 


Experi- 

Day of 

Body 

Hemat- 

by Vena* 

Protein 

Plasma 

cyanate 

Urine 

mental 

Experi- 

Weight 

ocrit, 

puncture 

(Gm. %) 

Volume 

Space 

Sp. 

Period 

ment 

(Kg.) 

Percent 

(cc.) 

Gm./ cc. 

(cc.) 

(cc.) 

Gr. 

1 

" 1 

63.20 

45.0 

50 

6.29 


16,600 

1.009 

Control i 

! 2 

62.50 

48.5 

62 

6.69 

— 

— 

1.004 

] 

[ 3 

63.15 

45.4 

112 

6.29 

2,560 

16.600 

1.020 


r 4 

53.00 

44.5 

124 

6.30 




1.014 

Depletion 

S 

59.10 

48.0 

174 

7.35 

2,460 

15,100 

1.031 


1 6 

57.50 

51.4 

224 

— 

2,120 

— 

1.027 

1 

L 7 

57.10 

54.1 

236 

8.60 

— 

— 

1.022 


8 

56.55 

52.5 

286 

7.26 

1,950 

15,200 

1.019 


9 

57.40 

— 

298 

7.36 

— 

— 

lfll09 


10 

58.90 

41.7 

348 

6.65 

2,460 

14,500 

1.007 


11 

58.20 

41.8 

360 

6.28 

— 

— 

1.008 

Replacement 

12 

59.40 

39.4 

410 

6.22 

2,850 

9,800 

1.007 


13 

59.75 

37.8 

422 • 

5.74 

— 

— 

1.013 


14 

60.45 

33.6 

472 

5.03 

— 

20,300 

1.008 


15 

61.00 

34.0 

484 

5.03 

— 

— 

1.008 


16 

61.50 

33.4 

534 

5.03 

3,700 

20,800 

— 


NB — -The following daily observations will also be reported in a future publication; 
Plasma CO 2 , plasma total base, urine pH and urines CO 2 


urine, and corresponding to one-third of the normal extracellular salt content, 
and twice the normal plasma salt content. This fall in plasma chloride concentra- 
tion indicated a serious alteration in extracellular isotonicity. Clinically, the sub- 
ject was lethargic, fainted on rising from bed, his eyes appeared sunken, the skin 
became loose and dry and scaley. Despite this extreme water and salt deple- 
tion, the plasma chloride concentration never fell as low as had the urine 
chloride concentration during even the first day of depletion. 

The fall in urine volume to a minimum of 425 cc. per day would be 
expected in this state of “mixed” water and salt depletion. Reduction in both 
urine volume and urine chloride concentration indicate a mixed depletion 
requiring both salt and water therapy. 

During the third part of this experiment, water was restored by free oral 
intake while salt restoration was accomplished by a low salt diet supplemented 
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by intravenous 0.9 saline. Salt replacement was completed during the early 
part of the sixth day. At this time (see vertical broken line on Fig. 5) the 
extracellular and plasma salt contents had returned to normal, chloride 
reappeared in the urine, but plasma chloride concentration had returned to 
only about 95 % normal. Continuation of daily infusions of 1000 cc. 0 . 9 % 
saline during the final four days caused a rapid increase in extracellular salt 
content and urine chloride concentration, and by the time plasma chloride 
concentration returned to normal, the total number of grams of salt in the 
extracellular fluid was 120 % of the amount observed in the preliminary con- 
trol period.* That this actually represents a subclinical edemaj^is confirmed 
by the hematocrit and total protein concentrations; both fell to 20 % below 
normal (corrected for experimental red blood cell and protein loss). Appar- 
ently urine chloride concentration better indicated salt replacement than did 
plasma chloride concentration; for chloride reappeared in the urine as soon 
as the 34.8 Gm. body salt deficiency was replaced, while return of plasma 
chloride concentration to normal was accompanied by overloading of the 
extracellular space with salt and water. 

This experiment indicates a renal threshold level of about 95 % normal 
plasma chloride concentration. Below this concentration chloride did not 
appear in the urine. It supports the physiologic hypothesis presented earlier 
in this paper and demonstrates the advantages of urinary over plasma chlo- 
ride analysis. 

Figure 6 represents similar studies carried out on the two other 
volunteer subjects. The results are similar to those discussed above. There 
was a renal threshold level of about 95% normal plasma chloride concentra- 
tion. Below this level, chloride did not appear in the urine. The urine chlo- 
ride concentration was a much more sensitive indicator of salt depletion and 
replacement than was the plasma chloride concentration. Continuation of 
saline infusions after chloride appeared in the urine caused excess salt and 
water to be retained in the extracellular space. 

DISCUSSION 

A slight discrepancy between the experimental observations published 
here and those reported earlier from this laboratory^” is to be noted. It was 
observed in dogs that “When a condition of salt depletion is being established, 
drop of chloride excretion to a low rate is a more sensitive indicator of the 
condition than is the plasma chloride concentration. But when the condition 
of depletion of the type caused by loss of gastric juice is in process of correc- 
tion by NaCl administration, restoration of normal plasma chloride concen- 

*The changing thiocyanate space volume in this experiment is not a cumulative 
technical error resulting from accumulation of repeated thiocyanate dosage. This was 
proven by repeating the series of thiocyanate determinations in this same subject while 
in a normal state six months after the experimental period. Thiocyanate space measure- 
ments every other day for two weeks gave the following volumes : 1S.5L, 15.0L, 18.2L, 
17.9L, 17.3L, 16.3L, 17.4L, 17.9L. 
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tration shows more accurately than resumption of chloride excretion when 
enough saline has been given to correct the condition,” During salt replace- 
ment there was a lowered renal chloride threshold in the dog experiments, 
but this was not observed in the experiments on man. 

This discrepancy is best explained b}^ the great difference in experimental 
conditions. In the dog experiment reported, salt replacement was conducted 
rapidly, i,e,, 1 Gm, NaCl per pound body weight during 12 hours, and there 
was a diuresis of the accompanying dextrose and water infused. A single 
massive intravenous infusion was given. Salt replacement in the human 
experiment was accomplished slowly over five to six days, no rapid infusions 
were given, nor was diuresis stimulated. 

The present work does confirm the previous observations^^ that an internal 
alkalosis resulting from hypochloremia may be accompanied by the excretion 
of an acid urine. Such a paradoxical concurrence was invariably present in 
the present experiment. Measurements of urinary pH, urinary CO 2 , plasma 
CO 2 , and plasma total base concentration of this and other subjects will be 
reported in the future. 

CONCLUSIONS 

There is sufficient evidence both in the literature (11, 12, 13, 14, 15, 16) 
and in our experirnents on human volunteers to justify suggesting that, pro- 
viding kidney and adrenal function are normal, water and salt balance will be 
properly maintained if daily urine volume exceeds 1500 cc. and urine salt con- 
centration approximates 3 Gm. per liter. Since urine volume and approximate 
salt concentration are simple bedside determinations, they have been found 
very useful as routine guides to parenteral water and salt administration. 
It is fortunate that these guides are at the same time most informative and 
simple to determine, and are thus admirably adapted to clinical use. 

There is a discrepancy between the above conclusions and the data pre- 
sented in Figure 5. Figure 5 shows that chloride reappears in the urine as 
soon as salt restoration is complete (vertical broken line) and that increasing 
urine salt concentration is accompanied by excessive water and salt retention. 
This observation is confirmed in the other experimental subjects. Despite 
this experimental observation, it is recommended that salt balance will 
be best maintained if urine salt concentration is maintained at about 3 Gm. 
NaQ per liter. Limited Clinical observations suggest that salt deficiency is 
apt to occur if one attempts to keep urine salt concentration slightly above 
zero; it has been easier and safer to maintain about 3 Gm. per liter urinary 
salt. Clinical studies of Bartlett et aF^ are in agreement with the experi- 
mental findings presented here. They recommended that, when their “volume 
for volume” rule cannot be followed, urinary chloride excretion be maintained 
at one or less grams per day, although such procedure may result in slight 
chloride depletion and fall in plasma chloride concentration. On the other 
hand, Hadden^^. 15 recommends that saline infusions be given until the urine 
contains 5-10 Gm. of NaCl in 24 hours. Sauchez- Vegas and Collins^'* agree 
with Hadden, Those recommending minimum urinary salt excretion do so in 
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fear of salt retention^ while those recommending relatively great salt excretion 
fear salt depletion. A compromise seems advisable and agrees with the recom- 
mendation that urinary salt concentration be kept at about 3 Gm. per liter 
and urinary output at about 1500 cc. per da 3 ^ Further clinical observations 
will decide whether these recommendations are optimum. 

Urine salt concentration rather than daily salt excretion is recommended 
with the realization that the latter is probably a more accurate guide to salt 
administration. However, the determination of daily salt excretion necessitates 
the inconvenience of measuring the salt concentration of aliquot samples of 
twenty-four-hour urine collections. Furthermore, it is convenient to measure 
the urine salt concentration at the bedside just before starting each infusion, 
and to administer dextrose solution if there is more than 3 Gm. of salt per 
liter of urine, or saline solution if there is less than 3 Gm. per liter. 

It is also suggested that urine salt concentration determination may be 
used to detect the presence or absence of body salt depletion. If the Fantus 
.test is used and one drop of silver nitrate turns the urine-potassium chromate 
mixture red, one may assume that salt depletion is present; and, conversely, 
when there are at least 3 Gm. of salt per liter of urine, saline therapy is 
rarely indicated. 

Thus the information obtained from urine NaCl concentration measure- 
ment at the bedside or in the emergency room is valuable in deciding whether 
or not the patient needs salt therapy, while measurement of urine volume 
excretion is valuable in deciding whether or not the patient needs water 
therapy. We must not place complete dependence on these simple measure- 
ments as quantitative guides to such a complicated physiological mechanism 
as water and salt equilibrium. These guides must be supplemented by clinical 
observations, of edema, skin turgor, thirst, respiration, the appearance of the 
tongue and eyeballs, mental state, etc. 

It is not suggested that plasma chloride determinations be discarded. As 
salt depletion progresses, salt first disappears from the urine and then plasma 
chloride concentration continues to fall. Once the urine has become salt free, 
plasma chloride concentration must be determined in order to estimate the 
magnitude of salt depletion. If plasma chloride concentration is abnormally 
low, plasma CO 2 concentration must be measured. 

In the presence of decreased kidnej'- function it is probably safer to depend 
on plasma chloride than on urine salt measurements; poorly functioning 
kidneys may fail readil}'^ to excrete salt. There is evidence indicating that 
renal function may be depressed in conditions causing diminished blood 
volume, as in dehydration, during and immediately following shock, and 
immediatel}’- postoperatively. Further studies are needed before urinary salt 
determinations can be recommended in these conditions. 

At present there is discussion in the literature concerning the concentration 
of saline to be infused intravenousl 3 ^ Further discussion is intentionally 
avoided here, for it is the purpose of this paper to separate dehydration into 
two categories, Avater depletion and salt depletion, and to recommend that 
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each type of depletion be treated separatel3^ Discussion of electrotlytes other 
than NaCl is also avoided in this paper, although it is understood that simple 
NaCl therapy is frequently incomplete electrolyte therapy. 

SUMMARY 

It is suggested that the loose term “dehydration” be substituted by its 
physiologic components : “primary water depletion,” “primary salt depletion,” 
and “mixed water and salt depletion.” The physiologic basis for this recom- 
mendation is presented as well as the reasons for using urine salt (measured 
as chloride) concentration and urine volume instead of plasma chloride con- 
centration as a guide to the diagnosis and treatment of these various types 
of dehydration. An experimental study of volunteer subjects is presented in 
support of this recommendation. 
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Di.scussiox. — Dr. I. S. Ravdin, Philadelphia : These studies represent the type of 
work which is necessary to provide a clearer knowledge of the fluid and electrolyte 
requirements of surgical patients. In adopting ^Marriott’s classification which divides 
dehydration into two conditions that diflrer in cause in physiologic and chemical effects. 
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and in the treatment needed, they have provided a more rational concept of the problem 
of dehydration and they have further strengthened our thinking by calling these condi- 
tions “primary water depletion” and "primary salt depletion." Anyone who has attempted 
to study the shifts in fluids and electrolytes in man, in health and in disease, knows that 
most of the methods now being utilized provide meagre data on what is happening 
in the body as a whole, and in the specific compartments which go to make up the 
whole. The part which the normal kidneys play in their effort to maintain isotonicity 
of the plasma and interstitial fluids was stressed some years ago by James Gamble 
and his associates. It should be recognized that urinary analyses such as Dr. Evans 
and Dr. Van Slyke are making are particularly useful ivhen the kidneys are normal. 
The conditions initiating primary water and/or salt depletion, however, frequently re- 
sult in a variable degree of renal injury, as Dr. Campbell and Dr. Coller and their 
associates have shown. Under such conditions, the authors have rightly pointed out 
that the urine may not correctly indicate the internal conditions of salt and water con- 
tent. In the seriously ill surgical patient, abnormalities in glomerular infiltration, tu- 
bular secretion and absorption, exist all too frequently. It is in these patients that the 
excretion of an apparently normal urinary volume may be associated with marked 
abnormality in base, chloride and other electrolyte excretions. Under such circum- 
stances it may be far better to be very cautious in the administration of large amounts 
of fluid or salts, as Dr. Coller pointed out in his discussion. This is especially true in 
nephrosclerosis or in kidneys subjected to periods of anoxia. It may be better to keep 
the patient in a state of mild hypochloremia than to risk the untoward effects of the 
burden which the opposite state may impose on the patient. 

There remains much to be learned about the function of the kidneys in health and 
in disease, of the effect of the different renal components on various salts and espe- 
cially such salts as potassium salts and calcium salts. In certain conditions there is 
generalized renal impairment, but tubular and glomerular dysfunction are not neces- 
sarily impaired to the same degree. The entire picture may be further complicated by 
abnormalities in plasma protein; for in severe hypoproteinemia there is apt to be spe- 
cific sodium retention. Studies of the type reported in the last two papers facilitate 
greatly our thinking upon the problems of renal and will, we hope, provide a more ra- 
tional basis for parenteral fluid and salt therapy in surgical patients. 

Dr. John H. Gibbon, Jr., Philadelphia : I think Dr. Coffer’s warning that patients 
with anuria should be kept on the "dry side,” merely replacing insensible water loss, 
is a very important one. Kolff of Holland, who developed an apparatus for the dialy- 
sis of blood outside the body, is in hearty agreement with this point of view. These 
patients will often recover provided they are not drowned by excessive amounts of in- 
travenous fluid and provided the acid base equilibrium is maintained. I think the ob- 
servation on the great loss of salt and water which occurs during the period of diure- 
sis, is very interesting. 

Drs. Evans and Van Slyke are to be congratulated on a beautiful piece of work 
in carrying out experiments on normal human subjects and presenting us with a very 
practical test for determining what we all want to know at the bedside, i.e., whether 
we should give a patient salt solution, or glucose and distilled water, intravenously. 

Dr. Kenneth N. Campbell, Ann Arbor: This paper brought out extremely im- 
portant factors which Dr. Van Slyke did not have time to emphasize. The first of 
these is the fallacy of basing therapy on a laboratory value. May I give very con- 
crete examples: I speak particularly of laboratory values for plasma chloride. If 
we take the normal plasma volume at 3000 cc., and order a plasma protein determina- 
tion from the laboratory that comes back some 7 Gr. per cent, that would give us a 
total circulating protein in our plasma of some 210 Gm. Now, if perchance^ that in- 
dividual did not have a normal plasma volume, let us say he had been subjected to 
dehydration or to plasma loss from some other cause, we might receive back from 
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the laboratory a plasma protein value of eight grams per cent at a time when the 
plasma volume was not 3000 cc. but 2000 cc. With simple arithmetic that will tell 
you that we now have only 160 Gm. of total circulating protein and not 210. Our 
laboratory value is higher, it is better than the example I gave you previously, and 
may lead one very erroneously into assuming that that patient has a normal total cir- 
culating protein. Similar changes may occur obviously in determinations of chlorides. 

We are very happy to hear of the experimental work that Drs. Evans and Van 
Slyke have reported concerning the interpretation of plasma chloride values. They 
have simplified it to its utmost on a rational basis. 

I will finish b}^ saying something about volume for volume replacement which we 
have heard so much about in the past. If one institutes gastric or intestinal drainage 
and replaces volume for volume the secretions obtained with the solutions we now have 
available, and we call those normal physiologic solutions — when they are not' either 
normal nor physiologic — ^you may be replacing approximately twice the amount of salt 
that you are withdrawing from your intestinal or gastric drainage. 

Dr. E. I. Evans, Richmond, Va. (closing) : We should like first to thank Dr. 
Ravdin for his comment. I should like then to say that I was much impressed by the 
remarks made by our President this morning about teaching surgery to medical' stu- 
dents. I refer to this now because of what we have learned by placing in the hands 
of the medical student this simple bedside urine chloride technic, so that they may 
follow their patients day by day and learn thereby the fundamentals of fluid balance 
and salt therapy. We get almost every week requests from new groups of students on 
the ward for these little laboratory beside kits so that they can run urine chlorides on 
their own patients. It is gratifying for a teacher to learn how easy it is to get a little 
idea across once a year or so. 

Third, I am happy that Dr. Lockwood brought up the important point potassium 
deserves in his reference to Dr. Darrow’s work. It is rather interesting in observing 
cycles of surgical research how often different groups become interested in the same 
type of thing at about the same time. We are following with interest what Dr. Lock- 
wood’s group is doing. We have come to similar conclusions and have learned a great 
deal from Di. Darrow’s presentations. 

It is well here to call attention to the extreme danger of giving adrenal cortical 
hormone to those surgical patients who are suffering from hypochloremic alkalosis. 
We have learned that one cannot correct this alkalosis by administration of salt or 
Ringer solutions if at the same time one is administering even small amounts of 
adrenal cortical hormone. 

About the “dry” side. We agree, Dr. Campbell, with everything you say, but I 
cannot sit down without emphasizing again, be “dry” on the side of sodium chloride 
or water, but don’t be “dry” on the side of whole blood when it is needed. 
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Two BRIDGES are ILLUSTRATED in Figure 1 : One is constructed without 
definite knowledge of the strength of component parts and without consid- 
eration of the load to which it may be subjeced ; the other, in contrast, is a 
product of engineering skill and art in which the strength of every bolt 
and cable, strut, beam and column is known, where each structural part is 
adjusted to meet calculated stresses and strains with ample margins of 
safety. What will happen to the toy bridge when Junior steps on it is any- 
body’s guess, but the safety of the engineer’s bridge is no guesswork; 
every day thousands of people unhesitatingly entrust their lives to it. 

In operative surgery there are also potentially dangerous stresses and 
strains and practical problems of mechanical forces. It is often literally 
true that the life of a patient hangs by a thread. 

The tensile strength of sutures, in the strand and at the knot, depends 
upon the size of the thread and the material of which it is composed. (Fig. 
2). Given the same material, tensile strength varies with the square of the 
diameter of the thread ; double the diameter and you quadruple the strength. 
Knot breaking strength, as a rule, is about 70 per cent of the tensile strength 
of the strand away from the knot. Brittle material like silkworm gut is rela- 
tively weak at the knot. Size for size, the weakest suture material is wet 
catgut. This material is distinctive also in that, after implantation in tissues, 
it rapidly loses what strength it has. 

Table I shows how badly is needed a uniform gage for all suture materi- 
al. A gage, based, let us say, upon thousandths of an inch diameter would 
enable the surgeon, b)'’ quick reference to an appropriate chart, to determine 
the tensile and knot-breaking strength of any given thread, and to suit the 
sort and size of sutures to his immediate purposes. 

The strength of sutures depends not alone upon the tensile strength of 
the strand, but also upon the security of the knot. Each of the horizontal 
stripes in Figure 3 represents a set of 20 tests. None of the five commonly 
used knots represented there is safe when the ends are cut very short; in- 
deed, the only dependable knots are those ivith three throws, the ends being 
cut 2 or more mm. long. Similar results are obtained with cotton (Fig. 4) ; 
nor is the pattern of these tests altered significantly by wetting the thread 
with water or serum, by waxing or oiling the thread, or by using boiled or 
autoclaved thread. Results with catgut are much the same (Fig. 5). Steel 
wire knots are very prone to slip. Particularly unreliable are those knots 
which tighten down when the second throw is pressed home, and the knot 
which ends-ofF a continuous suture, in which two strands are tied to one. 

* Read before the American Surgical Association, May 27, 1948, Quebec, Canada. 
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Actually in surgery we deal 
with loops rather than straight 
strands. The strength of a simple 
loop is double that of a straight 
strand (Fig. 6), and a double loop 
is four times as strong, presumably 
because of distribution of tension 
and friction against the tissues. 

In surgery, loops are subject not 
only to the longitudinal pull in- 
dicated in Figure 6, but also to in- 
traloop tensions. For example, a 
ligature placed around an artery 
(Fig. 7A) must withstand bursting 
forces due to the pressure of the 
blood within the vessel and the expansile elasticity of the arterial wall, and 
this stress is transmitted to the knot. 
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Fig. 2. — Relative tensile strengths of 
suture materials. 
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Fig. 3. — Stiength and security of knots. Tests made with a tensiom- 
eter Solid dots represent knots which came untied; circles knots which 
held until the thread broke. The amount of tension required to loosen 
or break the knot is indicated by the position of the dot or circle. 
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Fig. 4. — Strength and security of knots. Size “A” silk thread, 
commercial grade. 
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Fig. S. — Strength and security of knots. No. 000 catgut. Catgut in general is less 
uniform than other suture material in tensile strength of the strand and in knot- 
holding ability. Simiular results were obtained with plain and chromic catgun. 
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Figure 7B illustrates schematically the bursting forces felt by an abdom- 
inal incision. The suture represented there has to withstand the cumulative 
effects of (1) intra-abdominal pressure, (2) the lateral pull of abdominal 
muscles, and (3) edema or inflammatory pressure within the loop itself. 
A similar combination of tensions acts also upon lines of suture in the 
stomach or intestine. 

The bursting strength of a loop 
is inversely proportional to the area 
which it encloses ; or, to put it more 
accurately, the tension is propor- 
tional to the area which it encloses ; 
or, to put it more accurately, the 
tension is proportional to the area 
enclosed. The results shown in 
Table II were obtained in tests 
made upon pneumatic tubes and 
balloons of various sizes, but this 
law of mechanics, "vvell known to 
hydraulic engineers, applies to ani- 
mal tissues also and has wide applications in surger3^ Mass ligatures are 
more ap t to break or come untied than ligatures around small bleeding points 
dr isola ted vessels (Fig. 8). Large sut ures are subject to greater tensions 
flian small sutures. Four-zero silk is more than strong enough to tie a smalf 
artery like the thyroid, but might not hold the external iliac artery. The 
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Fig. 6. — Strength of loops. 



3 . 

Fig 7. — Tensions felt by (A) ligatures and (B) 
sutured incisions. 


larger the diameter of an organ or cavity, the greater the tension upon 
sutured incision (Fig. 9). 

It follows that the size of suture and ligature material should be selected 
with a view to the tensions to which it may be subjected. The finest avail- 
able cotton or silk thread should suffice to ligate ordinary bleeding points 
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The operator who places small, closely spaced sutures can afford to use fine 
suture material, whereas the operator who habitually takes large bites widely 
spaced must needs use coarser thread. A perforated peptic ulcer is more 
safely closed with two or three mattress sutures than with a relatively large 
purse-string suture. 

This brings us to a consideration of rows of sutures. Tensions experi- 
enced by individual sutures are not easily measured in patients, but they 


Table II — Strength of Loops of No. 60 Cotton Thread ' 
Around Pneumatic Tubes or Balloons 
(Knots with many throws to prevent slipping) 
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Fig. 8. — Other factors being equal, tensions on ligatures and 
sutures vary with the cross-section area enclosed by them. 


can be studied in models and in freshly killed experimental animals, in 
which all the mechanical forces concerned are reproduced; and there can be 
little doubt that the effects observed in such experiments are similar to 
those which obtain in the living body. When sutures are uniformly spaced, 
the total tension felt by the suture line is found to be distributed equally 
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Fig. 9.— Effect of size of an organ or cavity upon the tension of 
sutured incisions. The values indicated in this diagram are used simply 
to illustrate the principle under discussion; actually, the total tension of 
sutured incisions is a complex matter with many variable factors involved. 
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Fig. 10. — ‘Distribution of tension between sutures in an incision, 
and effects of distension upon the suture load. 
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Fig, 11. — Effect of spacing of sutures upon suture load. 
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Fig. 12. — Results of tests made under 
comparable conditions to show the relative 
strengths of various sorts of closure. A, a 
single row of approximating sutures; B, a 
second, “remforcing” row of invaginating 
sutures; C, irnbrication with a single row of 
sutures; D, imbrication with two rows of 
sutures ; E, 3 layers closed independently. 


between the sutures (Fig. 10). 
In the case of an abdominal in- 
cision, the greater the intra- 
abdominal pressure, the greater 
the tension upon the entire 
suture line, and the greater the 
tension upon each individual 
suture. If there are fewer sutures 
more widely spaced, each suture 
then has to carry a larger share 
of the total load (Fig. 11). 

Other factors being equal, 
the over-ail tension on an in- 
cision is proportional to its 
length. There are usually more 
sutures in a long incision to 
share the load, however, so that 
the tension upon individual 
sutures is apt to be much the 
same, whether the incision is 
long or short. Should one suture 
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of a row slip or break, the tension which it has borne is immediately trans- 
ferred to its neighbors. If, with the sudden increase in tension, those su- 
tures break also, even greater strain is then thrown upon the next in line. 
Thus a sort of “chain reaction” may be set up with disruption of the entire 
row of sutures. 

Figure 12 shows diagrammatically the relative strengths of various 
closures by layers. In the so-called reinforcing row (Fig. 12B), all of the 
tension is concentrated on the outer row; should that give way, the full 
force is then thrown on the inner row. The main advantange of that sort 
of closure is watertightness. Imbrication does not add to strength unless both 
edges are sewed down A closure with three independent layers is three 
times as strong as a single layer closure. 

BURSTING STRENGTH OF INTESTINA.1- 
CLOSURES OF DOGS 

(sjjzipJe jrow of j'nienr’apied setiares. tested oneJjoajrsfieT' cdosare) 
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Fig. 13. — Bursting strength of intestinal incisions in dogs. Not in- 
frequentlj'- in these tests the wall of the intestine ruptured before the 
suture line gave way or leaked. 


Experiments in dogs show that a duodenal stump closed with a single 
row of well-placed, interrupted, inverting sutures of No. 60 cotton or 4-0 
silk thread (Fig. 13) is able, without leakage or disruption, to withstand 
intraduodenal pressures of 280 to 960 mm. Hg. — pressures far in excess of 
anything ever encountered clinically. I am convinced that leakage of the 
duodenal stump is due not so much to weakness of sutures as to ischemia, 
necrosis, and cutting through of sutures, either because they were tied too 
tight, or because too much bowel wall was turned in and strangulated with 
multiple rows of sutures. 

Since the transverse or cross section stretch of the bowel exceeds the 
longitudinal stretch (Fig. 13), intestinal distention puts less strain on trans- 
verse than on longitudinal incisions. For that reason end-to-end anastomoses 
are mechanically stronger than side-to-side anastomoses. 
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Another aspect of the problem is strength of tissues. Unless the tissue 
sewed is as strong as tlie suture used, variations in suture strength become 
irrelevant. Three variable factors must be considered in this connection. 
First, the sort of tissue one has to deal with. Skin and fibrous tissue are 
the toughest of the soft tissues ; indeed, the suture-holding strength of most 
soft tissues depends upon the amount of fibrous tissue they contain. Thus 
the brain and spinal cord, containing minimal amounts of fibrous tissue, 
will scarcely support sutures, but the sutured sheath of a peripheral nerve 
will hold even under considerable tension. The seromuscular coat of the 


Cozi^entionsZ J'ension S'cita.r'e. 
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Fig. 14. — Drawings made from autopsy material showing the me- 
chanical inefficiency of “stay” sutures commonly used to reinforce ab- 
dominal incisions. 


intestinal wall is rather easily torn by sutures unless the thread has taken 
a bite of the tough fibrous submucosa. The second variable factor is the 
health of the tissues. With acute inflammation tissues become friable; with 
ischemia — ^we all tie our sutures too tightly — and with necrosis, tissues 
slowly give way before the advancing pressure of the thread and we say 
that the suture “cuts through.” The third variable factor is the size of the 
suture material. The finer the thread, the more readily it will .cut through 
either healthy or diseased tissue. Recently steel wire sutures have become 
popular; yet steel wire cuts through most soft tissues long before full 
advantage can be taken of its enormous tensile strength. 

Technically, strain means distortion due to stress. An example of strain 
is provided by the conventional tension suture often used in closing, abdominal 
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incisions. Figure 14 shows why that suture is inefficient mechanically and 
often fails in its purpose because of distortion. The lateral pull of the 
musculofascial layer is opposed only indirectly by the suture, much as a 
bowstring opposes the pull of an archer’s fingers. Inevitable edema plays 
its nefarious role. 



Fig. 15. — A new tension suture which enters the abdominal wall at a 
distance from the incision, crosses the incision to take a generous bite in 
the musculofascial layers of the opposite wall, and returns to emerge near 
the point of entry. The posterior rectus fascia should be grasped by 
this suture. 


Figures 15, 16 and 17 illustrate a tension suture which has been used 
by the writer during the last two years with satisfaction. There are no 
closed loops to produce ischemia or to be affected by edema. These sutures, 
which are staggered, take generous bites of fascia and muscle so as to 
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mminiizc the danger of tearing or cutting through. They should be drawn 
just tight enough to approximate the muscles and fascia. Inasmuch as their 
pull directty opposes the strong lateral pull of those structures, they cannot 
be distorted to any extent, unless they break, however great the tension. 
These sutures can be adapted to paramedian, transverse, subcostal, hockey- 



dosing the abdominal wall. 

stick, and T-incisions, If desired, the ends may be tied over rubber tubes 
or rolls of gauze instead of the metal frame shown in Figure 17. The suture 
is readily removed after cutting one of the strands close to the skin. 

If No. 2’ or No. 3 silk or nylon is used, the combined holding strength 
of these tension sutures is very great, amounting altogether to some 200 
Or 300 pounds. Patients find them relatively comfortable since they do not 
tend to cut through or irritate the skin, since their firm support relieves 
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much of the pain of turning, coughing, and earl)^ ambulation, and since they 
obviate the necessity for tight adhesive strapping and supportive binders. 


SUMMARY 


No reputable engineer attempts to construct a bridge without knowing 
first the stresses and strains to which his structure probably will be subjected, 

the tensile and shearing strengths 
of his building materials, the cal- 
culated total strength of his design, 
and the margins of safety to be 
allowed. But in surgery, where the 
health or life of a patient may 
literally “hang by a thread,” the 
caliber and sort of suture and liga- 
ture material to be used is too 
often left to guess or habit; the 
size and spacing of sutures, the 
number of rows to be used, the 
sort of knots to be employed, are 
often simply matters of hand-me- 
down custom, with scant reference 
to well-established laws of mechan- 
ical forces. Indeed, most surgeons 
have vague ideas about the amounts 
of stress and strain which lines of 
suture are apt to feel, or how best 
to meet those potential disrupting 
forces. To play safe, suture mate- 
rial is often used that is unneces- 
sarily coarse, or wire that is many 
times stronger than the tissues 
being approximated, or tension 
sutures that are mechanically ineffi- 
cient. 

The present paper attempts to explore that neglected but important aspect 
of operative surgery. Largely on the basis of some original investigations, 
it presents certain basic principles which should be followed, and offers 
some practical suggestions which (it is hoped) will give the surgeon better- 
founded confidence in his ligatures, anastomoses, and wound closures. A new 
tension suture is described, which is believed to be mechanically superior to 
the conventional through-and-through tension suture. 



Fig. 17. — These tension sutures are 
staggered so as to avoid undue squeezing 
and ischemia of tissues. They are care- 
fully adjusted and tied before the more 
superficial layers of the wound are 
closed. 
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Discussion. — Dr, Allen O. Whipple, New York: This subject is one that should 
be called to the special attention of our residents in training. I believe it is one that is 
too often neglected in the training of residents. To me this subject has always been of 
great interest and 1 have followed some of the earlier writings, particularly the subject 
of wound repair by Halstead, with extreme interest, and have found that his philosophy 
has held true tliroughout. He made certain statements without going into the details, 
trusting, I believe, to his teaching of his residents and to their own observations — and 
to me these have always been sound. One was that there was no point in using suture 
material that was more than twice as strong as the tissues in which the sutures were 
placed. Second, that non-absorbabl e suture material and catgut should not be used, in 
the samF tissue s. The point that Dr. Price has brought out about the importance of 
eliminating tension on tlie suture line is something that should be emphasized over 
and over again. It is studies such as Dr. Price has presented that give real thought 
and real value to the training of residents, and I noticed in discussing this subject with 
a group of them recently that they took more interest in that than in almost any other 
subject. Unfortunately, Dr. Price had to present this material in rather rapid fashion, 
but I am sure that when we read his paper we will find sound philosophy in it. 
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FURTHER STUDIES ON THE CYTOLOGIC METHOD 
IN THE PROBLEM OF GASTRIC CANCER f 

Howabd Ulfeldeb, M.D., Ruth M. Graham, B.S., 

AND 

Joe V. Meigs, M.D. 

FROM THE VINCENT MEMORIAL LABORATORY OF THE MASSACHUSETTS GENERAL HOSPITAL 

Two YEARS AGO IN THIS LABORATORY c 3 'tologic study was made of the 
fasting gastric contents of 50 patients suspected of having cancer of the 
stomach^. It was learned that preparations with satisfactory cellular detail 
were usually possible, and that both benign and malignant cells from the 
gastric mucosa could be recognized. At operation 24 patients in this series 
proved to have carcinoma of the stomach; and a correct preoperative c}^- 
tologic report had been made in 15. One additional cytologic report of can- 
cer was rendered in a patient who showed a benign gastric ulcer after 
pathologic study. We were particularly impressed by finding malignant 
cells in two very small cancers, one of them non-invasive (carcinoma-in- 
situ). 

In planning a more detailed study of this technic, particular emphasis 
has been placed on the method of collecting fluid which is most likely to se- 
cure and preserve a cellular specimen representative of all areas of the 
stomach. Several facts make this more difficult than is the case with most 
other fluids. One is the rapid action of the digestive ferments present ; 
another is the constant tendency of the intestinal current to sweep material 
out of reach of the tube, particularly in the case of lesions in the distal seg- 
ment of the stomach. 

METHODS 

Both Rehfuss and Levine tubes have been used, in some instances with 
fluoroscopic check on their position. In a number of patients the undiluted 
fasting content of the stomach has been examined; others have been allowed 
to drink water as the tube was passed. After evacuation of the stomach we 
have irrigated it with saline, with 7% alcohol, or with a 5% suspension of 
clove oil. The secretion stimulated by parenteral injection of histamine has 
been examined in the majority of cases. Repeated study with varying tech- 
niques has been possible in a few instances. 

Out of these observations a standard procedure has been evolved. A 
number of additional openings are made in a size 14 Levine tube. It is in- 
troduced through the nostril in the usual manner for a distance of 75 centi- 
metres ; the patient is allowed to drink tap water to facilitate this maneuver. 
The stomach is then evacuated as completely as possible. This is our first 
specimen. One hundred cubic centimetres of normal saline is injected, the 

* This study was supported by a grant from the American Cancer Society, 
t Read before the American Surgical Association, Quebec, Canada, May 27, 1948. 
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tube is clamped, and the patient lies first on one side, then on the other, then 
on his face, and finally sits up or walks. The saline is partially withdrawn 
and reinjected several times during this procedure. Finally the stomach is 
again aspirated until empty. Both samples of fluid are centrifuged imme- 
diately for 20 minutes at about 2000 r.p.m., the supernatant fluid poured off, 
and thin smears made from the sediment. These are fixed and stained by 
Papanicolaou’s method". 

RESULTS 

To date, 48 patients have been studied in this fashion. The specimens 
were unsatisfactory in three, all of whom had obstruction and an appre- 
ciable degree of gastric retention. At operation two had benign ulcers and 
one had carcinoma. 

Eminently satisfactory cellular preparations were secured in the remain- 
ing 45 cases. Operation has disclosed carcinoma of the stomach in 14, 12 
were diagnosed correctly by our method. One other report of malignancy 
has been rendered in a patient with no detectable gastric lesion and in whom 
no operation has been performed. One patient proved to have malignant 
lymphoma of the stomach. The cytologic preparation in this instance con- 
tained no abnormal cells of any type. 

SUMMARY 

Various methods of preparing C 3 ffologic specimens from gastric fluid 
have been studied and a standard procedure evolved. Satisfactory cellular 
detail has been noted in all cases except those where appreciable obstruction 
exists. The accuracy of this method of diagnosis in our hands has increased 
since the introduction of the modifications described herein. 
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Discussion. — Dr. Joe V. Meigs, Boston (closing) : We feel that the diagnostic 
method presented by Dr. Ulfelder is perhaps a partial answer to the many times I have 
listened to surgeons present the tragic results of surgery for carcinoma of the stomach. 
I have heard presentations of a hundred patients operated upon and at the end of five 
years only a few were alive. If by this method we can find even only one early car- 
cinoma — and we have found more — its value is proven. We believe it is better some- 
times than x-ray examination, bettty sometimes than gastroscopic examination. We 
may be able to pick up cases that have a chance for cure. It is a very fussy busi- 
ness and it needs an expert. Recently Mrs. Graham in our Vincent Hospital Labora- 
tory has told me that within the last eighteen months any patient that she said had a 
positive smear for carcinoma of the cervix had carcinoma of the cervix. She has 
picked up between 25 and 30 unsuspected cancers of the cervix. It is wrong for us to 
think that as clinicians we can do this work. It should be done by experts. At a 
recent meeting in Boston, under the auspices of the American Cancer Society, it was 
generally recognized by the pathologists that it was their duty to teach this method 
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o£ diagnosis to their residents, so as to spread the proper means of technic through- 
out the country. The best cytologists can make mistakes. It seems to me it is essen- 
tial that we have under tutelage and instruction a goodly number of men who will be 
experts in making cytologic diagnoses. I believe earlier diagnosis can be made 
through this method than by any other we have at present. 



ANTERIOR RESECTION FOR MALIGNANT LESIONS OF THE 
UPPER PART OF THE RECTUM AND LOWER PART OF THE 

siGMomn 


Claude F. Dixon, M.D. 

Division of Surgery, Mayo Clinic 

RocirESTER, Minnesota 

Tiiii OPERATION OF ANTERIOR rcsectioii foT Icsions of the terminal part 
of the large intestine with re-establishment of intestinal continuity has been 
criticized by many authors as not being sufficiently radical. The present 
paper is an evaluation of the operation. The efficacy of any surgical pro- 
cedure for cancer is judged by the number of persons undergoing the 
procedure who are alive five years or more and not on an anatomic basis 
— the extent of the excision. 

This study is limited to the most controversial segment of the large 
intestine ; namely, the distal 20 cm. It is for this region that new procedures 
are constantly being advocated and interest in old ones is being rekindled. A 
matter of 3 or 4 cm. from the dentate line makes the difference between 
an operation involving a permanent colonic stoma and one in which intes- 
tinal continuity can be re-established. While the majority of patients be- 
come adjusted to a permanent colonic stoma, there are some who have 
difficulty in its management. It should be remembered that those “cured” 
by anterior resection can live normally in every respect. 

Because it is so important in determining the possibility of re-establish- 
ing intestinal continuity, I have considered the cases in this study in respect 
to the distance of the lower edge of the lesion from the dentate (pectinate) 
line as measured by the proctoscope. By studying the prognosis for each 
segment separately one could determine the lowest level at which it is sage 
to apply the procedure. I have avoided the use of the term “rectosigmoid” 
since it is merely a clinical designation for the rectosigmoidal juncture. 
Variation of the length of the rectum and of the level of the pelvic peritoneal 
fold, change of the length of the rectum after mobilization, shrinkage of 
the tissue by the time the pathologist measures it and differences in the 
interpretation of descriptive terms have led me to depend on the distance 
measured proctoscopically. 

DEVELOPMENTAL BACKGROUND 

The operation of anterior resection had been applied to lesions of the 
sigmoid before 1910, at which time primary anastomoses were performed, 
a large rectal tube being placed through the anastomosis for the purpose 

*Read before the American Surgical Association, Quebec, Canada, May 27, 1948. 

tl am indebted to Dr. A. L. Lichtman and Dr. G. Lowe for some of the material 
used in preparation of this paper. 
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of decompression. The application of the procedure to lesions of the rec- 
tum came about in a roundabout way. A series of operations were per- 
formed in which continuity of the bowel was not re-established. In the 
first stage sigmoidal loop colostom)' was performed; in the second pro- 
cedure the lesion and its mesentery were excised and the sigmoidal and 
rectal stumps were closed. If the patient survived, subsequent exploration 
and re-establishment of intestinal continuity were warranted. It became 
customary to advise the patients that if they got along well they could re- 
turn in six to 12 months for sigmoidorectostomy. The satisfactory survival 
rates, despite extensive lesions of high grade, suggested that the intestinal 
anastomosis could be performed at the second stage of the operation. Three 
facts were apparent : First, the rectal stump can survive if supplied by 
the inferior hemorrhoidal vessels alone, regardless of the fact that the text- 
books have denied this ; secondly, Sudeck’s point is not as critical as de- 
scribed and, thirdly, it is possible to excise sufficient tissue in the meso- 
colon and distal portion of the sigmoid and to obtain good clinical results. 
Apparently it sufficed to remove only 3 or 4 cm. of bowel distal to the 
lesion. This latter observation was difficult to reconcile with Miles’s® work 
but subsequent careful study of cleared specimens showed that the occa- 
sional distal spread of carcinoma to lymph nodes beyond 2 cm. is due to 
proximal blockage.^-^-^® In such instances it is possible that no surgical 
procedure is sufficiently radical to include the centrifugal spread from such 
obstructed lymphatic drainage. 

The procedure outlined here I first performed in 1930. It has been re- 
ported previously in detail.®'^ Up to 1938 the majority of such operations 
were carried out in three stages including preliminary transverse colostomy. 
In the second stage the lesion was removed and colosigmoidostomy or colo- 
rectostomy was performed through a low left rectus incision. In the third 
step the colonic stoma was closed after suitable clamping of the spur. Since 
1938 colostomy has been performed at the time of resection unless there 
was severe obstruction. With progress in methods of decompression and 
with the preoperative use of sulfasuxidine or sulfathaladine and vitamin 
K, antecedent colostomy is being performed in fewer cases than before. 
At present, with few exceptions, patients come to the operating room well 
prepared by administration of sulfasuxidine and rectal irrigations, and 
the surgeon has definite proctoscopic information regarding the grade, level, 
mobility and extent of the lesion. This has reduced the mortality rate and 
permitted the performance of an open accurate anastomosis. 

The performance of sigmoidal colostomy as a preliminary or emer- 
gency procedure in these cases makes the resection extremely difficult by 
limiting the mobility of the colon and frequently dissection of the colonic 
stoma from the abdominal wall is necessary in addition to the performance 
of transverse colostomy. 

Since 1941 such patients have received preoperatively a minimal daily 
Oral administration of 12 Gm. (180 grs.) of sulfasuxidine or sulfathaladine 
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for a period of three to eight days. In addition, 5 Gm. of sulfathiazole is 
scattered intraperitoneally at the close of the operation. I feel that tins 
chemotherapy has produced a distinct reduction of the mortality rate. Cul- 
ture of stools after adequate preparation with the insoluble, poorly absorbed 
sulfonamides has shown a dramatic fall of the count of coliform organisms. 
This advantage is appreciated most by the surgeon who prefers an open 
anastomosis. Witli the use of the sulfonamides, peritonitis has become much 
less common. In addition, there has been a fall in the incidence of throm- 
bophlebitis and pulmonary emboli, probably resulting from a reduction 
of the contribution that is made by infection in these complications. 



Fig. 1. — The peritoneum is incised as indicated, freeing 
the sigmoid and rectum. The rectum is mobilized from the 
sacrum as shown in the lower right insert. 


The use of streptomycin was for a time thought to be as effective in 
reducing the coliform count as was that of either of the aforementioned 
sulfonamides. It has been demonstrated that streptomycin does lower the 
bacterial count in the bowel but for two to three days only. After this 
period, regardless of the amount of streptomycin administered, the coli- 
form organisms return to their normal count. It would seem, therefore, 
that streptomycin must be considered as an adjunct only to sulfonamides 
in surgery of the colon. 
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THE TECHNIC OF LOW ANTERIOR RESECTION 
The operation is performed with the patient in a steep Trendelenburg 
position and a long left rectus muscle-splitting incision is used. The pelvic 
colon is mobilized by dissecting the fused lateral peritoneum free from 
the mesosigmoid. The peritoneal incision is outlined so that an adequate 
cuff of peritoneum is excised with the colon, passing up the lateral aspect, 
curving around the rectovesical or rectocervical space and passing back 
on the mesial aspect (Fig. 1). The entire left portion of the colon is then 
mobilized by incising the lateral peritoneal reflection of the left paracolic 
gutter as far as the splenic flexure. Both ureters are identified and isolated. 


Tu-mor 

A 



Fig. 2. — ^After mobilization of rectum and sigmoid 
, the site for the ligation of the superior hemorrhoidal 
or inferior mesenteric vessels is selected and a V- 
shaped section of mesentery is excised. 

The rectal ampulla is then mobilized from the hollow of the sacrum as far 
as the coccyx (Fig. 1) and from the vagina or seminal vesicles and pros- 
tate by blunt and sharp dissection. Usually in the case of a low lesion, such 
as is under consideration here, a large portion of the branches of the mid- 
dle hemorrhoidal vessels, which are of irregular distribution, must be sacri- 
ficed. 

The mobilized mesocolon is then transilluminated and the vascular pat- 
tern is determined. AVhen the mesentery is very fat one must depend on 
palpation. The point of ligation of the inferior mesenteric or superior hem- 
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orrhoidal vessels is tlien outlined. My colleagues and I do not recognize 
any critical point in this determination, rather depending on the precepts 
of rational cancer surgery and providing the correct amount of excision 
to allow the sigmoid or descending colon, as the case may be, to reach or 
bridge to tlie rectal or rectosigmoidal transection without tension. It should 
be recognized that the mesentery of the sigmoid usually is omegoid and 
that one obtains more colon to reach into the pelvic outlet by going higher 
up with the mesenteric ligation (Fig. 2). Because of this the low resec- 
tions tliemselves insure the adequate resection of the pelvic mesocolon since 
often it is impossible to obtain enough mobile colon unless one ligates rather 
high up on the inferior mesenteric artery. While in the earlier develop- 
mental years, resections were somewhat less radical, there has been a tend- 
ency in tlie past five years to standardize the operation more or less so that 
as much bowel as possible is removed even if the lesion is situated above 
the pelvic peritoneal fold. 

If one does not feel certain of tlie pattern of the circulation to the upper 
segment, tlie bowel may be transected before the inferior mesenteric artery 
is ligated and the effect of ligation at the selected site may be determined 
by pinching the artery. Instead of depending on the color of the intestine 
it seems wiser to look for the pulsations in the arteries as they enter the 
colonic wall. After ligation of the vessels and transection of the colon the 
intestine is reflected over the pubis. Steady slow traction is exerted on 
the rectum with a hand deep in the hollow of the sacrum. The smooth 
muscle of the rectum and vascular stalks relaxes slowly. The curves, valves 
and folds of the rectum straighten and give more length. The anal canal 
and levator ani muscle are slowly funneled into the pelvic bowel. This ma- 
neuver may permit ligation of the rectal stalks as far lateral as 4 cm. to 
include any lateral spread in this area. These measures permit placement 
of rubber-covered intestinal clamps (Fig. 3) well below the lesion in selected 
cases even when it is 6 to 8 cm. from the dentate line. Actually, after mobili- 
zation of the rectum, the lesion is 10 to 12 cm. from the dentate line and 
one can resect the normal rectum at least 3 to 4 cm. below the lesion. In 
order to determine completeness of resection, frozen sections of the distal 
portion of the resected rectum are made routinely and thus a check is made 
on the surgeon’s ability to palpate the lowest limit of spread. 

The colon is then prepared for anastomosis to the rectum by placing 
another especially constructed rubber-shod curved intestinal clamp close 
to the end. The fat must not be cleared from the edge too extensively or the 
blood supply which enters the colon through the base of the fat tags will 
be sacrificed. The curved clamps on the colon and the curved clamps on 
the rectum are placed side-by-side (Fig. 3) in the deep pelvis and an open 
end-to-end anastomosis is performed without tension. Since the posterior 
portion of the rectum is thin and devoid of serosa only a single posterior 
row of stitches is placed. Anteriorly the rectum is thicker and a second 
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Fig. 3. — Curved intestinal clamps are placed beyond the 
lines of resection of the intestine. After the segment is re- 
sected the clamps are placed side by side and the open co- 
lorectostomy is performed as indicated in the insert. 



Fig. 4. — The pelvic peritoneum is closed at a higher level, 
which makes the anastomosis retroperitoneal. The drain has 
been omitted from the drawing. 
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inverting row is feasible. Any so-called aseptic anastomosis in this region 
is a gymnastic feat attended by difficult clamp maneuvers deep in the pelvis, 
danger of tearing the rectum, the hazard of catching the opposite mucosa 
to create a persistent diaphragm or of perforating the rectum in forcing 
the anastomosis open, and finally the possibility of a poor anastomosis. 
A valuable extra centimeter or more of rectum may be consumed in the 
process. Furthermore the posterior rectal wall is so thin that every stitch 
passes into the lumen and occasionally tears the rectal wall. For these rea- 
sons one questions how aseptic the dosed anastomosis is. 

In concluding the operation, 5 Gm. of sulfathiazole is dusted into the 
region of the anastomosis, a- Penrose cigaret drain is placed in the hollow 
of the sacrum, emerging through the lower angle of the incision, and the 
peritoneum is sutured around the colon to reconstruct the pelvic floor prox- 
imal to the anastomosis (Fig, 4). The incision is closed after a loop of 
the transverse colon has been brought through the omentum and out of 
the upper angle of the incision to serve as a temporary colonic stoma and 
the omentum is brought down to cover the loops of intestine. 

In the early cases the drain was brought out through an incision just 
in front of the coccyx. While the drainage is excellent, this introduces 
difficulties in draping the patient so that the assistant can make the stab 
wound to draw the drain through. Furthermore, the site of drainage is 
uncomfortable to the patient and it is easily contaminated and favors tem- 
porary fistula at the site. My colleagues and I have found that a drain 
brought out suprapubically is satisfactory and usually we begin to remove 
it about the eighth postoperative day. In cases in which there has been con- 
siderable perforation or soiling, sulfadiazine is administered postoperatively. 
Otherwise it is not necessary unless some abdominal or pulmonary com- 
plication indicates its use. Sulfasuxidine is administered only when a fis- 
tula or leak presents. When pro3^imal colostomy is performed, a paste of 
sulfasuxidine can be instilled into the distal loop. The colonic stoma is 
opened by cautery incision in the patient’s room from 18 to 24 hours after 
operation. 

The colonic stoma usually is closed three to four weeks after the an- 
terior resection. In preparation for the closure, patency and healing of the 
anastomosis are tested by passing water downward from the distal loop 
of the colonic stoma and upward from' the anus. If a proctoscopic exam- 
ination is made in the interval before closure the anastomosis is occasionally 
found to be as small as 2 cm. in diameter. A proctoscopist who has not 
encountered similar cases before will be distressed over the finding and 
will occasionally advise against the closure of the colonic stoma because of 
stricture. However, it has been found that although the lumen at the site 
of anastomosis may appear small the function is satisfactory and proctos- 
copy no longer is performed on such patients before closure of the colonic 
stoma. The free passage of water up and down through the anastomosis 
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is accepted as adequate proof of satisfactory function. Normally, the recto- 
sigmoidal junction is the narrowest part of the colon and such narrowing 
is consistent with normal function. The subsequent passage of fecal mat- 
ter is the best dilator and at a later time the anastomosis will be found to 
be much larger than before. Delay in closure will only serve to permit fur- 
ther narrowing because of disuse and scar formation (contraction). 

Leakage from the site of anastomosis occurred in 12 cases but with the 
proximal temporary colonic stoma, there is little febrile reaction and there 
is merely a delay of an extra week or two for the fistula to close before 
proceeding with closure of the stoma. 

The preoperative preparation employing sulfasuxidine and the technic 
of closure of the colonic stoma were reported in 1944.® That report pre- 
sented data on 102 cases in which colonic stomas made in various surgical 
procedures were closed by a standardized introperitoneal procedure with- 
out a single death. Since then, the closure of colonic stomas has been per- 
formed with two deaths. The mortality rate for the entire series of closures 
is 0.6 per cent. In the deaths mentioned, one was caused by coronary oc- 
clusion. The patient had suffered from angina for five years. The cause 
of the second death was probably peritonitis. Necropsy was not permit- 
ted, A fecal fistula developed in three cases. In three cases there was puru- 
lent drainage and escape of gas. Five of the fistulas closed spontaneously 
within two months. In the remaining case the escape of gas occurred inter- 
mittently for ten months and then the fistula closed spontaneously. This 
would appear to demonstrate that the added risk of temporary colostomy 
is small if full advantage is taken of chemotherap}’- before and during closure 
of the stoma. 

During the past five years, postoperative roentgen therapy has been 
used as an adjunct to surgical treatment in a series of patients whose lesions 
had progressed to the state of nodal involvement. An impression that this 
may be of value has been obtained from sporadic cases in which it was 
tried. The consensus at present seems to be that roentgen treatment is of 
little or of no value. Definite information on this matter will not be avail- 
able for some time. 

The question of provision of a temporary colonic stoma . — ^Previous to 
the advent of the sulfonamides, numerous methods of decompressing the 
colon proximal to the colorectal anastomosis were investigated but the pro- 
vision of a temporary defunctioning loop type of transverse colonic stoma 
proved apparently to be the safest procedure. Enterostomy, appendicostomy 
and cecostomy were less efficient. A rectal tube with its orifice proximal 
to the anastomosis occasionally was responsible for ulceration and perfora- 
tion of the colon and frequently became plugged. Preliminary sigmoidal 
colostomy has many disadvantages, which have been outlined earlier in 
this paper. The advent of sulfasuxidine warranted re-evaluation of 
safety of omitting colostomy. The problem was approached with an open 
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mind but, at present, the mortality rate is considerably higher when colostomy 
IS omitted than when it is included. The possibility exists that the intro- 
duction of coliform-eft'ective antibiotics may make anastomosis without 
proximal colostomy safe if the lesion is above the pelvic peritoneal fold. 
Analysis of recent series of cases of anterior resection without colostomy®>“’^^ 
reveals that man}' of tlie lesions were above the pelvic peritoneal fold; yet 
in 10 to 20 per cent of the cases colostomy had to be performed as a post- 
operative emergency operation. 

The omission of temporary colostoni}' in cases in which the lesion is 
near or below the pelvic peritoneal fold is fundamentally dangerous be- 
cause the blood supply to the distal segment has been decreased. The sig- 
moidal anastomotic vessels above and the inferior hemorrhoidal vessels 
below provide a marginal blood supply that is adequate for healing under 
ideal conditions but not under strain. It has been long realized that anas- 
tomosis of a serosa-covered segment of bowel to a segment devoid of serosa 
requires 14 to 21 days to heal completely. Pemberton^® has recently demon- 
strated by means of roentgenographic study of the segment of bowel distal 
to tlie colonic stoma in cases of low anterior resection of the lower part 
of the sigmoid and of the upper part of the rectum that at the site of the 
anastomosis barium often leaks into the pelvis or the hollow of the sacrum. 
Such leakage must then occur in many cases in which a colonic stoma is 
not established. Proximal colostomy seems indicated also if the lesion is 
adherent to the posterior vaginal wall, for the branches of the middle hem- 
orrhoidal artery which supply the vaginal wall are often sacrificed in the 
dissection. Rectovaginal fistula may develop in such cases, especially if a 
temporary colostomy is performed. Closure of the stoma is then deferred 
for a month or two; this is occasionally necessary for complete healing 
in cases in which a portion of the vaginal wall has been excised. 

I have applied the technic outlined in this paper in 523 cases, the first 
operations having been performed in 1930. In 46 cases, even though the 
distal loop was long enough to permit exteriorization, a short mesentery, 
obesity, intussusception of the growth, or some anatomic variation made 
anterior resection the procedure of choice. In 477 cases the lesion was 
20 cm. or less from the dentate line. Of these operations, 39 were pallia- 
tive and the procedure was performed in the face of distinct nodular metas- 
tasis to the liver. A number of these patients lived for more than a year. 
The lesion had invaded the wall of the bladder extensively in 12 of the 
cases and simultaneous partial cystectomy was performed. The latter group 
of cases was included in a recent report.® 

■^ 9 ^- — ^The average age of the patients was 53.8 years. The youngest 
patient was 7 years of age and it is gratifying to report that this boy is still 
alive seven years after operation. Two of the patients were 79 years old. 

— Of the 426 patients 55,6 per cent were male and 44.4 per cent 
were female. However, if the cases are analyzed it can be seen that the 
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worst lesions are iound among iemales. Thus, in 24 of 37 cases in which 
there were high-grade malignant processes with nodal involvement the 
patients were female. In 28 of 40 cases in which the patients were less than 
36 years of age, the patients were female. If one examines the lesions be- 
tween 6 and 10 cm. one will find that the male to female ratio is 40:60. As 
the level proceeds toward the dentate line the proportion of females in- 
creases and the grade of the process rises, as has also been noted when one 
approaches the dentate line from below. To summarize: The lesions among 
females tend to be of higher grade and closer to the dentate line than among 
male.*;, while the patient tends to be younger. 



Fig, 5. — Distribution of the malignant lesions in the 340 cases in which 
the operation of anterior resection was applied. Palliative operations are omit- 
ted. The number at each stated distance from the pectinate (dentate) line is 
given in the figure. The incidence of each grade with and without nodal in- 
volvement is also included. 

Pathologic character and location of lesions . — The lesions in the 426 
cases were all adenocarcinomas. Figure 5 shows the distribution by grade 
and nodal involvement for each 5 cm, segment in the region under consid- 
eration. The specimens were not cleared but were examined by multiple 
incisions in the search for l)raph nodes. All of the lesions were segregated 
according to Dukes’s classification and graded by Broders’ method. Few 
lesions of type A were found in the series. The majority of the lesions 
removed by anterior resection were perforating, since the rectum is so thin 
that all layers are usually involved before detection. Twenty lesions (5.9 
per cent) were of the mucous (colloid) type. Five were described as papil- 
lary. Multiple synchronous malignant lesions were found in 18 cases (5.3 
per cent). Gross venous or perineural involvement, which invariably gives 
a poor prognosis, was noted in seven cases. 

The lesions were separated into groups depending on their distance 
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from the pectinate line (Fig. 5). This was done in order to learn if there 
was a difference between the survival rates of patients having lesions at 
various levels in the bowel, for if the operation of anterior resection is not 
sufficiently radical the survival rate of those having the lowest lesions would 
certainly be less than that of those found to have lesions above the pelvic 
peritoneal fold. 

Resectability, indications and limitations of the method . — The examina- 
tion of any large series of cases in which there are lesions in this zone shows 
that 12 to 14 per cent of the patients have gross hepatic, peritoneal or omen- 
tal involvement and that only palliative colostomy is justifiable. In the series 
being reported resection was undertaken even when the palpable hepatic 
nodules aggregated less than 3 cm. in diameter. 

The resectabilit}'- of the lesions by the method of anterior resection 
depends on the level of the lesion. For lesions more than 10 cm. from the 
dentate line the resectability rate was 86 per cent. All resectable lesions 
at this level were removed bj' anterior resection. If the lesion was perforat- 
ing, a part of the abdominal wall or psoas muscles was excised by cautery 
as necessary. Involvement of the bladder, ureters or small intestine did 
not prevent resection. For lesions at 10 cm. from the dentate line the re- 
sectability rate was 80 per cent and for those at 8 cm. it was 44 per cent. 
This is the lowest level of general applicability of the operation. At 6 cm. 
there must be favorable anatomic relations — a thin person with a broad, 
flat pelvis. It is my opinion that low anterior resection is applicable only 
rarely when the lesion is situated as low as 6 cm. from the dentate line. 
There are several alternative methods for handling such lesions. In this 
region one approaches the point where the allowable 3 cm. of retrograde 
spread and lateral direct extension involve the lateral efferent lymphatics 
accompanying the middle hemorrhoidal vessels. Such lesions must be re- 
sected by a method which in addition to removing the spread in the pelvic 
mesocolon allows for resection of (1) the stalks of the middle hemorrhoidal 
vessels, (2) levator ani muscle with the nodes included between it and the 
pelvic fascia, (3) the ischiorectal fat and (4) a large part of the perianal 
skin. One must not apply the pessimistic aphorism that if the lymphatics 
or veins are involved no operation is radical enough and that if there is 
no spread of the disease most operations for cancer are too radical. 

hospital mortality rate following anterior resection 
In the 426 cases of anterior resection of lesions between 6 and 20 cm. 
from the dentate line there were 25 deaths (5.9 per cent). Eighteen of the 
deaths occurred after the first stage of the operation, the anterior resection, 
and seven followed closure of the colonic stoma. Seven of the 18 deaths 
after anterior resection followed peritonitis, two followed pelvic abscess, 
and each of the following was responsible for a death : coronary occlusion, 
pulmonary embolus, diabetic acidosis and bronchopneumonia. Of the seven 
deaths following closure of a colonic stoma, four resulted from peritonitis, 
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two from pulmonary embolus and one from coronary occlusion. Five of 
the seven deaths occurred before antibiotics and sulfonamides were em- 
ployed preoperatively and postoperative!}'. 

The mortality rate from colonic operations has fallen remarkably with 
the years. For all operations on the colon at the Mayo Clinic in 1934 the 
mortality rate was 16 per cent. For some reason the rate increased in 1936 
and was 22 per cent but during the past four years it has been less than 
5 per cent. I attribute a large part of the success in reducing the mortality 
rate to the use of sulfonamides. Inspection of the figures broken down, 
to reveal the rates for the sigmoid, rectosigmoid and rectum, will further 
demonstrate this. From 1907 to 1936 the mortality rates remained nearly 
constant and those figures are grouped together. The startling improvement 


Table I . — Anterior resection 1930-1947 : hospital deaths by periods 


Date 


Deaths 

Cases Number Percent 


1930-1935 47 4 8.5 

1936-1940 109 14 12.8 

1941-1947 270 7 2.6 

All years 426 25 5.9 


Table II . — Anterior resection; nonpalliative operations ; five-year 
survival rates for different levels 


Nodes Nodes 

Distance from All cases not involved involved 

dentate line, Per cent Per cent Per cent 

cm. Number survival Cases survival Cases survival 


6-10 74 63.7 32 72.4 42 57.1 

11-15 97 70.2 58 78.8 39 57.7 

16-20 101 66.9 60 71.5 41 60.4 

All levels 272 67.7 ISO 74.0 122 58.5 


has occurred in the resection of sigmoidal lesions. The mortality rate fol- 
lowing sigmoidal resection is 8.2 per cent of what it was ten years ago while 
that of the rectosigmoid is 15 per cent, and of the rectum, 41 per cent of 
what it was ten years ago. Resection of the rectum which used to be the 
safest has been improved the least and now operation in that region is car- 
ried out with the least safety. The majority of operations for lesions in 
this segment are combined abdominoperineal procedures. The improvement 
in rectal surgery occurred at the time of the introduction of the intraperi- 
toneal vaccine and systemic and intraperitoneal administration of sulfona- 
mides. There was no additional improvement from the use of sulfasuxidine. 
On the other hand, with lesions occurring above the pelvic peritoneal fold, 
there was a further marked improvement after the introduction of sulfasuxi- 
dine. The improved results cannot alone be attributed to vitamins, intra- 
venously administered amino acids, multiple blood transfusions or aseplic 
anastomosis, since these adjuvants were rarely used in this series of cases. 
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Table I sliows the mortality rates for the operation of anterior resection 
for three periods. During the years 1936 to 1940 more tissue \¥as excised 
at the operations than previously and the mortality rate was 12.8 per cent. 
This mortality rate compares favorably with that for other operations in 
the same region at the same period. However, in the past seven years, the 
morlalit}’- rate has been reduced to 2.6 per cent, 

SURVIVAL RATES 

In 272 cases the operation was performed sufficiently Jong ago to pro- 
vide data for calculating survival rates. Figure 6 shows graphically the 
survival rate in the 272 cases. After five years 67.7 per cent of the patients 
were alive; 49.8 per cent were alive after ten yeai'S. By the method of cal- 
culating survival rates it is impossible to prolong the curve beyond the last 
death recorded in the series. 


Anterior’ resection - non-pallio-tive cases 
(6-ZO cm. from dentate line) 



Fp. 6, — Survival rates of 272 cases 
m which the operation of anterior resec- 
tion was performed. Palliative operations 
ornitted. The poorer prognosis in the 
cases in which the lymph nodes were 
involved is demonstrated. The five-year 
survival rates are indicated. 



'ifears after leavinpf hospital 


Fig. 7. — Survival rates of the same 
272 cases as are included in figure 6. In 
figure 7, however, the rales are given for 
the different segments of the rectum and 
sigmoid in order to show that the opera- 
tion of anterior resection applied to the 
upper half of the rectum is not attended 
by a greater degree of recurrence. 


Table II gives the five-year survivals for eacli level in cases with and 
without nodal involvement. The best results were obtained from the 
removal of lesions occurring 11 to 15 cm. from the dentate .line. It was 
hoped to show the effect of the grade of the lesion by breaking down this 
table but the numbers were too small to be statistically significant. Worthy 
of mention however are two cases in which the lesion was of grade 4, type 
C (Dukp). The patients are still alive six years after the resection. The 
first patient on whom the operation was performed in 1930 is still alive. 
Figure^ 7 shows graphically the survival rates for cases with and without 
^dal involvement divided according to incidence at each level in the bowel. 

Here again it was necessary to discontinue the curve at the last death in 
the series. 
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In 20 of the cases the lesion was of the mucous (colloid) type of 
adenocarcinoma; 18 patients were dead within three years. One patient 
lived five years ; the other survivor lived nine years. It seems that the mucous 
type of lesion is rarely amenable to cure by resection. A similar poor prog- 
nosis was noted for those cases in which the lesion was of the papillary type, 
for none of the five patients lived for three years. 

In eight cases an asynchronous primary malignant lesion was subsequently 
removed; in five of these cases the lesions were in the colon and in three 
they were in the breast. Of the 85 patients who survived operation but died 
subsequently, the cause of death, according to available data, was obtained 
cither at death, on a return visit to the clinic or from an adequate report 
from the local physician who was present at the death. In 15 cases there was 
local recurrence of the disease. In four carcinomatosis was present and in 
four, intestinal obstruction was responsible for the death. In 20 cases the 
liver was involved but there was no evidence of local recurrence. Metastasis 
to the bone was observed in five cases, to the liver and bone in two, and to 
the lung and bone in two. In 11, the death was from some other cause: 
cardiac in four, cerebral hemorrhage in three, pneumonia in two, and from 
an accident in two. The cause of death was not definitely determined in 
six cases. 

Stricture at the site of anastomosis occurred in five cases. This condition 
was managed by manual dilation in two cases. In two cases exploration 
was carried out ; one required reperformance of colostomy six months after 
a stoma had been closed. This patient subsequently refused laparotomy to 
repair the stricture and still depends on the stoma for adequate elimination. 

SPHINCTERAL CONTROL AND SEXUAL FUNCTION 

No change in sphincteral control was observed in any of the cases. In 
fact, many patients who formerly complained of constipation stated that 
their intestinal habit had improved. 

Although a survey was not made of the sexual function in cases after 
operation there seemed to be no complaint, other than that eight male patients 
volunteered that while erection occurred as before there was no emission 
during ejaculation. In all of these eight cases the lesion was low in the 
bowel and extensive and it is probable that the seminal vesicles or ducts were 
detached in the course of the dissection. 

RELATIONSHIP OF ANTERIOR RESECTION TO OTHER PROCEDURES 

M^en it was found at the exploratory operation that the lesion was too 
low in the bowel to be removed by anterior resection, colostomy was performed 
and the lesion removed by posterior resection two to three weeks later, with 
the patient in prone position. If the patient is in good condition or if there 
is nodal involvement a single-barreled sigmoidal stoma is provided by bring- 
ing the bowel out through a stab wound, the superior hemorrhoidal vessels 
are ligated and the sutured stump of rectosigmoid is left free in the abdomen. 
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The blood supply from the middle and inferior hemorrhoidal vessels is 
adequate to sustain the normal intestine but when posterior resection is 
carried out approximately two weeks after colostomy it is observed that the 
lesion has undergone degenerative changes and its vessels are thrombosed. 
If tlie patient presents a poor risk, double-barreled sigmoidal colostomy is as 
much as should be attempted at the time of the exploratory procedure. In 
such circumstances, at perineal resection, one can ligate the vessels and 
transect the intestine well up in the abdomen. One does not attempt to re- 
move the rectum as a tube but takes out all of the perirectal tissue en bloc, 

dissecting along the membranous 
urethra and prostatic capsule, or 
vaginal wall, as the case may be. 
The coccyx is removed and the 
levator ani muscle with its investing 
fascia and nodes is resected. No 
procedure really eliminates the 
lateral spread to the hypogastric 
nodes but one carries out the most 
radical excision that is possible. 
When performed in the classic 
fashion® the one-:Stage combined 
abdominoperineal resection leaves 
little room for improvement. How- 
ever, in practice, a poor resection is 
common in the region of the lesion, 
while the resection of the pelvic 
mesocolon is excellent. After spend- 
ing the major part of the time 
eliminating the distal spread of the 
disease the surgeon may merely 
cone out the rectum itself, ignoring 
the local lateral efferent lymphatics. 
A radical abdominal operation and 
a radical perineal resection are 
often more than the average patient can withstand at one time. 

To evaluate this contention I have selected a group of cases in which 
one-stage combined abdominoperineal resection was carried out during the 
same time interval as the anterior resections were performed and have di- 
vided the cases according to the distance between the lesion and the dentate 
line (Fig. 8) . The series are not strictly comparable with one another but 
the differences in survivals for the same operation at different levels are 
comparable. The five-year survival rate for the patients having the lowest 
lesions, 0 to 4 cin., was 40,7 per cent ; for lesions 5 to 9 cm. from the dentate 
line it was 43.6 per cent, and for those 10 to 14 cm, from the dentate line, 



Fig. 8. — Survival rates in 185 cases 
in which the Miles combined abdomino- 
perineal resection was applied. The in- 
cidence in the various segments is given 
and the curves show the poorer prognosis 
after resection of lesions of the lower 
half of the rectum. The five-year sur- 
vival rate for each segment is indicated. 
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57.9 per cent. The survival rates in cases in which the lesions were below 
the pelvic peritoneal fold and m which the combined abdominoperineal re- 
section was emplo3^ed, are distinctly poorer than those in cases in which the 
lesion was above the pelvic peritoneal fold. The added incidence of lesions 
in the lower segment with nodal involvement is not sufficient to account for 
the difference. 

To complete the picture, Figure 9 shows the survival rates in 475 cases 
of posterior resection performed in the same interval, 1930 to 1944 inclusive. 
It will be remembered that this operation was carried out when the lesion 


PostGPiop pesGCtion 



Fig. 9. — Survival rates in 475 cases in 
which a radical posterior resection was 
performed. This figure is a complement 
to figure 7, for these are the cases in which 
the lesion was too low for performance of 
tlie operation of anterior resection. This 
figure includes the lesions in the distal 
6 cm. of rectum plus those occurring up to 
10 cm. from the dentate line, in which the 
lesion was too extensive for anterior re- 
section. The curves show that resection of 
lesions of the terminal portion of the rec- 
tum is attended by a poorer prognosis 
and that nodal involvement in this region 
is of graver significance than in cases in 
which anterior resection could be per- 
formed. 


was too low for anterior resection. 
Therefore, it includes the most ex- 
tensive lesions at 6 to 8 cm. from 
the dentate line in addition to all 
of the lesions below 6 cm. that were 
encountered in the series. Thus, 
the group of anterior resections 
plus this one of posterior resection 
corresponds roughly to the group 
of combined abdominoperineal re- 
sections. 

The five-year survival rate in 
the series of cases of posterior re- 
section was 44.8 per cent. This 
operation is considered inadequate 
by many authors. Yet, when prop- 
erl}^ carried out, it is much more 
radical locally than combined ab- 
dominoperineal resection and can 
be as radical along the pelvic meso- 
colon. The corresponding five year 
survival rates for the combined 
operation were, as stated pre- 
viousl)^ 40.7 per cent for lesions 0 
to 4 cm. and 43.6 per cent for 
lesions 5 to 9 cm. from the dentate 
line. Figure 9 also gives the sur- 
vival rates for posterior resection, 
divided according to lesions with 


and without nodal involvement. The 
five-year survival rate of 28.8 per 


cent for cases in which there was nodal involvement as compared with 
54.2 per cent for those without nodal involvement shows how much poorer 
the prognosis is in the presence of lesions of type C (Dukes) in the low 
rectal region. Carcinoma in this region occupies a very strategic position. 
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straddling the anastomosis between the portal and systemic venous systems. 
In addition the spread that takes place along the lateral efferent lymphatics 
SLCCompanying middle and inferior hemorrhoidal vessels, along the sacral and 
internal iliac nodes and along the base of the broad ligaments in the female, 
makes attempts to extirpate the lesion discouraging indeed. In practice, re- 
section of the node-bearing tissue between the pelvic fascia and pelvic peri- 
toneum is usually inadequate. The operation of abdominoperineal proctosig- 
moidectomy is deficient in these respects and also fails to excise sufficient 
perianal tissue. 

SUMMARY 

Anterior resection for removal of carcinomas of the upper part of the 
rectum and lower part of the sigmoid was performed in 426 cases from 1930 
through 1947. While there is a slight predominance of males in the series, 
the female patients tend to be younger and their lesions tend to be of higher 
grade and closer to the dentate line. Tliere were 25 deaths among the 426 
cases, giving a mortality rate of 5.9 per cent. In 270 resections since the 
present method of preoperative and postoperative management has been used 
there were 7 deaths (2.6 per cent). Of 272 patients, the five-year survival 
rate was 67.7 per cent. Comparisons of the mortality and survival rates ac- 
cording to the location of the lesions in various segments of the bowel re- 
vealed that the operation is sufficiently safe and radical for lesions of the 
upper half of the rectum. In cases of adenocarcinoma of the mucous (col- 
loid) and papillary types the prognosis is poorer. The signal improvement 
in the operative mortality rate in colonic surgery in the past ten years has 
not been as marked for lesions in the rectum as immediately above that re- 
gion. Whereas, ten years ago operations for rectal lesions were safest, this 
no longer is true. The survival rate after resection of low rectal lesions is 
poorer than that following resection of lesions higher in the bowel. This re- 
sults from the increase of nodal involvement and greater difficulty in re- 
secting the region of spread. The lesions covered by this study are con- 
sidered in terms of their distance from the dentate line because of the 
foregoing consideration and because the possibility of saving the sphincter 
is determined by this distance. 
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THE SIGNIFICANCE OF THE PROTEIN-BOUND BLOOD IODINE 
IN PATIENTS WITH HYPERTHYROIDISM^ 

George M. Curtis, M.D. and Roy E. Swenson, M.D. 

FROM THE DEPARTMENT OF RESEARCH SURGERY OF THE OHIO STATE UNIVERSITY 


Once the clinical picture of hyperthyroidism becomes manifest in 
association with nodular or diffuse hyperplastic goiter (with or without 
exophthalmos) the diagnosis soon becomes apparent. Nevertheless, when 
thyroid enlargement is not prominent, when complicating and even confus- 
ing factors are present, and when the symptomatology exhibited is minimal, 
a true clinical evaluation of thyroid function often becomes difficult. This 
problem is particularly pertinent in those regions where goiter is endemic. 

In Central Ohio, which lies within the “goiter belt”, nodular goiter is 
frequent ; moreover, these patients, at times, have non-thyroid hypermetabolic 
diseases which cause them to have elevated basal metabolic rates and even 
to present symptoms suggestive of hyperthyroidism. Essential hypertension 
and varying degrees of cardiac failure are frequently found in association 
with nodular goiter. Thyroidectomy, undertaken when such complicating 
diseases are not clearly differentiated and under optimum control may prove 
disappointing. Various psychiatric disturbances, and particularly anxiety 
states, present interesting diagnostic problems when nodular goiter is also 
present. Symptoms arising in association with the menopausal syndrome are 
of similar concern. Frequently the basal metabolic rate is elevated in those 
suffering with carcinoma or similar hyperplastic neoplastic diseases, such as 
the leukemias. 

Much of the confusion encountered in making a diagnosis of so-called 
“borderline” hyperthyroidism has arisen because there have been developed 
but few direct objective methods for measuring thyroid function itself. 
The BMR is a measure of oxygen consumption, the end result of a great 
many oxidative processes, and not necessarily of that alone associated with 
the transport, utilization and breakdown of the thyroid hormone. Since the 
thyroid gland is so intimately related to the metabolism of iodine, numerous 
studies have been made in an attempt to correlate the amount of iodine in 
the blood with the bmr in patients with thyroid disease. It was soon learned 
that the total blood iodine was labile and also varied directly with the iodine 
intake. Consequently, more recent investigation in this field has dealt largely 
with the protein-bound fraction of the whole-blood, plasma or serum iodine. 
Our methods for the acetone separation of the whole-blood iodine into pro- 
tein-bound and inorganic fractions have been presented.^* 

* Aided by a Grant from the Comly Fund for Research of the Ohio State 
University. 

* Read before the American Surgical Association, Quebec, Canada, May 27, 1948. 
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THE PROTEIN-BOUND (ACETONE INSOLUBLE) BLOOD IODINE 
AS AN INDEX OF THYROID FUNCTION 

Two necessary qualifications which any blood iodine fraction should 
possess in order to represent a satisfactory index of thyroid function, are: 
first, that it should increase along with the bmr following the administration 
of thyroid-stimulating hormone; and, second, that it should decrease along 
with the BMR when elaboration of the th}uoid hormone is blocked by means 
of goitrogenic agents such as prop 3 d thiouracil. 

Figure 1 illustrates the response of the bmr and the protein-bound b’ood 
iodine * to the administration of thyroid-stimulating hormone in man. The 



Fig. 1. — Response of the protein-bound blood iodine and of the basal 
metabolic rate to thyroid stimulating hormone. 


peak of the pbi is reached following 5 days of thyroid-stimulating hormone 
therapy after which it decreases. Characteristically, the bmr rises at a 
somewhat slower rate, reaching its peak on the 10th day, after which it 
slowly declines. The decrease of the pbi on the 5th day is illustrative of the 
refractory response to thyroid-stimulating hormone. Hertz and Roberts ^ 
found that following thyroid-stimulating honnone administration to the rab- 
bit, the BMR rose to its maximum level on the eighth day of therapy. Our 
findings.in man are similar. 

Following Astwood’s introduction of thiouracil as a chemotherapeutic 
agent to block the production of thyroid hormone,® many problems in thyroid 

* Referred to hereafter as pbi. 
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physiology were again investigated. By preventing the manufacture of 
thyroid hormone presumably by blockade of one or more enzyme systems 
within the thyroid cell, thiouracil administration is followed by an attendant 
decrease in the pbi and bmr. The literature concerning the experimental data 
pertaining to the role of thiouracil and its allies in the treatment of hyper- 
thyroidism has recently been critically analyzed.® It is the conclusion of 
qualified observers that the pbi decreases following administration of those 
goitrogenic agents. 

Figure 2 demonstrates the usual response of the pbi to propyl thiouracil 
in a patient presenting diffuse hyperplastic goiter with hyperthyroidism. Note 
the initial decline of both bmr and pbi. Each successive cycle during goitro- 
gen therapy is separated from its predecessor by a greater interval of time. 
The response of the bmr and pbi are essentially the same in toxic nodular 
goiter. 



Fig. 2. — Response of the protein-bound fraction of the blood-iodine 
and of the basal metabolic rate to the administration of 200 mg. cyclo- 
propylthiouracil daily (E.M. at K. H.). 

On the basis of studies similar to these we have concluded that the pbi 
increases characteristically following the administration of thyroid-stimulat- 
ing hormone and conversely decreases when thyroid hormone formation is 
blocked by the thiouracil-like drugs. Thus, the pbi may be regarded as a 
clinical index of thyroid function. Moreover, when the iodoprotein normally 
occurring in the human thyroid gland, normal human thyroglobulin, is added 
to normal human serum, and this serum is then fractionated with acetone, 
the thyroglobulin is quantitatively recovered in the protein-bound fraction.’' 

Previous studies have ascertained that the average normal bmr for the 
region of Central Ohio is minus 5 plus or minus 8 per cent.® Similarly the 
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average normal total blood iodine concentration equals 4.2 plus or minus 
1.2 meg. per cent.® The average normal protein-bound blood iodine (acetone 
insoluble) is 0.88 plus or minus 0.2 meg. per cent.^® This fraction is signifi- 
cantly decreased in patients with h 3 '-pothyroidism.^® 

We have recently correlated the relations of the pbi and bmr with those 
symptoms suggestive of hyperthyroidism occurring in 178 consecutive pa- 
tients with nontoxic nodular goiter.^^* The pbi increases progressively 
from 0.51 meg. per cent in those with basal metabolic rates below minus 21 
per cent to 1.32 meg. per cent in those exhibiting basal metabolic rates above 
plus eleven per cent. Moreover there is a significant linear relation between 
the BMR and the pbi. 66.8 per cent of our patients presented symptoms 


Table I. — Toxic Nodular Goiter 

Distribulion of patients according to standard deviations of the basal 

metabolic rate and the protein-bound blood iodine 

(Averajje Normal BMR = minus S ± 8%. Average Protein-Bound Blood 
Iodine* = 0.88 ± 0.2 Meg. per cent) 


bmr % 

“|■3 to 

-fn 

-t-11 to 
-fl9 

-f 19 to 
+27 

+27 to 
+35 

“}-35 to 
•f43 

+43 to Above 
+59 +59 


PBI* Meg. % ... 

1.27 

1.6S 

1.85 

1.94 

2.16 

2.46 

3.33 


No. of Patients in 
each Basal Group. . 

14 

12 

16 

26 

17 

19 

10 

Total Patients 

114 

% of each Group 
with PBI above 
0.88 Meg. % 

8S.7 

100 

100 

100 

100 

100 

100 

Total Patients with PBI 
above 0.88 Meg. % — 
lOS or 91.2% 

% of each group 
with symptoms .... 

93 

91 

100 

96.1 

100 

84.2 

90 

% of Total Patients 
with one or more symp- 
toms suggestive of Hy- 
perthyroidism 93.8 

% of each group- 
with PBI above l.Os 
Meg. % the upper 
Normal limit 

.37.1 

100 

93.7 

92.3 

90 

100 

100 

Total Patients with PBI 
above 1.08 Meg. % = 
102 or 89.4% 


* PBI =: Protein-Bound Blood Iodine 


suggestive of h 3 ^perthyroidism and of these 70 per cent had elevations of 
the PBI while only 47 per cent had elevations of the bmr. Consequently, we 
concluded that the pbi is a better index of thyroid function than the bmr 
alone. 

Symptoms suggestive of hyperthyroidism, listed according to their posi- 
tive correlations to an elevated pbi, are a pulse of 90 or more per minute, 
palpitation, weight loss, weakness, nervousness and emotional instabilit 3 L 
Patients with nodular goiter in the region of Central Ohio having either 
(a) a BMR of plus 3 per cent or above and a pbi of 1.2 meg. per cent or 
above, or (b) symptomatology suggestive of hyperthyroidism and a pbi of 
1.2 meg. per cent or above, appear to be potentially hyperthyroid.^^- 

Hypertension, organic heart disease, neurocirculatory asthenia, anxiety 
states as well as other ps 3 whoneuroses, neoplastic diseases and certain other 
endocrine disturbances such as acromegaly and adreno-cortical disturbance, 
may mimic hyperthyroidism.^-^® By using the pbi as a diagnostic aid it 
becomes possible to differentiate the hypermetabolism (elevated bmr, but 
euthyroid) exhibited by the above conditions from true hyperthyroidism. 
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In hyperthyroidism, the pbi will as a rule be elevated, but in the hypermeta- 
bolic states the pbi will be normal or even below, unless hyperthyroidism is 
also present. Rose has emphasized that hyperthyroidism may be associated 
with basal metabolic rates consistently within normal limits. The use of the 
PBI in evaluating the problem which this raises has been discussed,'^^ while 
the presence of hyperthyroidism may be detected by the criteria previously 
mentioned. 

THE PROTEIN-BOUND BLOOD IODINE IN PATIENTS WITH 
TOXIC NODULAR GOITER 

Other investigators agree that the protein-bound blood or serum iodine 
is elevated in hyperthyroidism.^^* Using 114 patients with untreated, 
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Correlation of the 53S3l Metabolic Rste and the Protein -Bound B/ood Iodine 
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Fig. 3. 


uncomplicated, clinically toxic nodular goiter, a detailed correlation of the 
PBI and BMR has been made and is here presented. 

“Table I summarizes the distribution of the 114 patients according to 
standard deviations * from the average normal bmr. The average pbi 
progressively increases from 1.27 meg. per cent in those having basal meta- 
bolic rates between plus 3 and plus 11 per cent to 3.33 meg. per cent in those 
having basal metabolic rates above plus 59 per cent. A comparison of these 

* The average normal BMR is minus 5 plus or minus 8 per cent, i.e. the si-andard 
deviation is 8 per cent. 
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data with those previously found for nontoxic nodular goiter jg pj-g. 
sented in Figure 3. The five black bars at tlie left of the graph illustrate the 
relation of the bmr to the pBi in nontoxic nodular goiter, while the reniaining 
bars to the right portray a similar relationship for nodular goiter with 
hyperthyroidism. 

A significant, parallel, linear relationship exists between the pbi and the 
BMR in toxic nodular goiter as well as in the nontoxic type. However, there 
is considerable overlapping of the clinical diagnosis (either toxic or non- 
toxic) when the bmr ranges between plus 3 and plus 11 per cent. Conse- 
quently, the average pbi of patients having such basal metabolic rates and 
clinically judged to be nontoxic was compared to a similar group clinically 



rate and the protein-bound blood iodine for each ten 
year period of goiter duration. 

judged to be hyperthyroid. In the former group, the average pbi was 1.21 
meg. per cent, while in the latter it was 1.27 meg. per cent The difference 
was thus less than that of the experimental error. This subtle development 
of hyperthyroidism in association with the so-called ‘harmless goiter’ has 
long been suspected and is here unmasked by determinations of the protein- 
bound blood iodine. Confusion arising in making a diagnosis upon such 
patients will be diminished if the significant symptomatology found is cor- 
related with an elevated protein-bound blood iodine. 

Further evidence that toxic nodular goiter develops as a sequel to its 
nontoxic predecessor is found in the correlation between the duration of the 
goiter, the pbi and the bmr. Fig, 4. The average pbi increases from 1.86 meg. 
per cent during the 0-10 year period to 2.50 meg. per cent in those having 
had goiter for 30 or more years. In nontoxic nodular goiter patients a 
similar tendency for the pbi to increase with the duration of goiter is also 
present.^’’ 
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A significant per cent of the symptomatology suggestive of hyperthyroid- 
ism pi'esented b)^ patients with nontoxic nodular goiter has been found to be 
associated with a bmr of plus 3 per cent or above and with a pbi of 1.2 meg. 
per cent or above .^ 2 , is q£ untreated, uncomplicated patients with 

toxic nodular goiter 91.2 per cent had pbi levels above the normal average 
of 0.88 meg. per cent, while 89.4 per cent had levels above the upper limit 
of normal (1.08 meg. per cent). Symptoms suggestive of hyperthyroidism 
were exhibited by 93.8 per cent of the entire group. 


Table II . — Diffuse Hyperplastic Goiter. 


Distribution according to two S. D. limits of the basal metabolic rate and 
correlation with the protein-bound blood iodine 


• BMR % 

— 5 to 

- 43 % 

-f-3 to 
+ 19 % 

-fl9 to 
-f35% 

-4-35 to 
-i-si% 

'-f“5 1 to 
+67% 

-f67 to 
-f83% 

Above 

+83% 

No. of Patients in each proup.. 

4 

13 

22 

16 

14 

13 

8 

Average PBI Meg. % 

1.53 

1.96 

2.07 

2.10 

2.98 

3.15 

3.38 

% of eadi group with one or more 
symptoms of Hyperthyroidism 

100 

100 

100 

100 

100 

100 

100 



BASAL METABOLIC RATE 

Fig. 5. — Diffuse hyperplastic goiter. Correlation of the basal metabolic 
rate and the protein-bound blood iodine (The average basal metabolic 
rate ± the standard deviation — 5 ^ 8%. Similarly the average normal 
protein-bound blood iodine = 0.88 — 0.2 micrograms per cent.). 


, THE PROTEIN-BOUND BLOOD IODINE IN PATIENTS WITH DIFFUSE 
HYPERPLASTIC GOITER WITH HYPERTHYROIDISM 

For the purposes of this paper, primary hyperthyroidism is defined as 
hyperthyroidism associated with diffuse hyperplastic goiter with or without 
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exophthalmos. Ninety consecutive patients with untreated, uncomplicated 
primary hyperthyroidism have been studied. 

Table II summarizes the distribution of the 90 patients according to 
two standard deviations of the bmr and further lists the average pbi for 
each basal group. The pbi progressively increases from 1.53 meg. per cent 
in the minus 5 to plus 3 per cent basal group to 3.38 meg. per cent in the 
group having basal metabolic rates above plus 83 per cent, Fig. 5. It is 
striking that within the upper normal bmr range (minus 5 to plus 3 per 
cent) the pbi average is almost twice normal. 

In general, (compare Table I with Table II) the average pbi levels' for 
the various basal groups of those with primary hyperthyroidism are higher 
than for the similar groups having nodular goiter with hyperthyroidism. 
This presumably indicates a more severe type of hyperthyroidism. As a con- 
sequence, the incidence of symptoms is higher. All of the patients with 
diffuse hyperplastic goiter with hyperthyroidism presented one or more 



Fig. 6. — Effect of increasing amounts of iodine, added as potassium 
iodide, upon the protein-bound fraction of the blood idoine. 


suggestive symptoms. A linear relationshp between the pbi and the bmr 
also exists in primary hyperthyroidism, but at a higher level than that 
found for toxic nodular goiter. 

Of those with hyperthyroidism associated with nodular goiter, 93.8 per 
cent presented symptoms ; of those with diffuse hyperplastic goiter with 
hyperthyroidism, 100 per cent presented symptoms. However, there is a 
greater incidence of symptoms in the primary type of hyperthyroidism than 
is apparent by comparing only the number of patients with symptoms. Data 
pertaining to correlation of the pbi with the symptomatology will be pre- 
sented elsewhere. 
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Fig. 7. — Diffuse hyperplastic goiter. Micrograms 
per cent change in the blood iodine fractions following 
iodine administration, 100 Mg. daily as potassium iodide. 



Fig. 8. — Toxic nodular goiter. Micrograras per cent change in the 
blood iodine fractions following iodine administration. 100 mg. dailj' as 
potassium iodide. 
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RESPONSE OF THE INCREASED PROTEIN-BOUND BLOOD IODINE 
IN HYPERTHYROIDISM TO CONTINUED IODINE THERAPY 

Many investigators have studied the varying phases of the iodopro- 
teins.^®'®° Thyroxine has been isolated from artificially iodinated casein, and 
Optimum results were obtained when four atoms of iodine per molecule of 
tyrosine were added.^^* Similarly, thyroxine-like and diiodotyrosine- 
like peptides have been isolated from iodoproteins prepared from serum 
proteins in vitro. The Schardinger enzyme may be intimately concerned 
with such biologic iodinations.®^ 

.Following iodine therapy of hyperthyroidism, Salter noted 'spurious’ 
elevation of the protein-bound serum iodine but thought it a chemical arte- 
fact ; however, he reproduced the phenomenon in vitro?^' In order to 
determine the relation of such a type of protein iodwation to the pbi, we 
have added varying amounts of potassium iodide to human whole-blood in 
vitro. Fractionation with acetone was then carried out after varying intervals 
of time. 

Figure 6 demonstrates that but little iodination of protein occurs follow- 
ing this procedure, until the total iodine concentration reaches 100 meg. per 
cent ; further, a striking increase in the protein-bound fraction occurs on the 
fifth day, strongly suggestive that the reaction at first proceeds according 
to a 'lag phase’ and then by a 'log phase.’ This lends support to the premise 
that certain enzymes play a role in such iodinations. 

When the average response of the rbi to continued iodine therapy in 
primary hyperthyroidism is compared to that of toxic nodular goiter, a 
striking difference becomes apparent. The average response in primary 
hyperthyroidism. Fig.- 7, is in accordance with the present accepted concepts 
of the mechanisms of the iodine-induced remission in hyperthyroidism. It is 
likely that iodine inactivates thyrotropin and temporarily inactivates 
enzyme systems releasing thyroid hormone from the thyroid follicles.®®' 
The average response in toxic nodular goiter Fig. 8, mirrors the level of 
the inorganic blood iodine, and is similar to the response noted following 
the in vitro addition of potassium iodide to blood. It is difficult to explain 
these variances unless fundamental differetices hi tyrosine metabolism, 
diiodotyrosine and thyroxine turnover and thyroglobidin metabolism exist 
between the two types of hyperthyroidism. 

Taurog and Chaikoff ®® have reported that following iodine administration 
to rats, the level of the protein-bound plasma iodine is dependent upon the 
thyroxine content of the thyroid gland, and is limited by the capacity of the 
thyroid to produce thyroxine. Our data indicate that the iodination of 
protein may occur within the blood itself. 

SUMMARY AND CONCLUSIONS 

1. The protein-bound (acetone-insoluble) blood iodine is presumably 
thyroglobulin-like in nature. 
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2. The PBi increases following the administration of thyroid-stimulating 
hormone to man; conversely, it decreases when thyroid function is blocked 
by administration of the goitrogenic drugs. It thus becomes a clinical 
measure of thyroid function. 

3. There is a progressive linear relation between the bmr and the pbi 
in uncomplicated nodular goiter. Determination of this relation unmasks 
the development of hyperthyroidism in previously quiescent nodular goiters. 

4. Hyperthyroidism is probably associated with nodular goiter in Central 
Ohio once the bmr exceeds plus 3 per cent and the pbi exceeds 1.2 meg. 
per cent, or when suggestive symptoms are present and the pbi exceeds 1.2 
meg. per cent. 

5. The criteria of conclusions 3 and 4 provide a diagnostic aid for 
measuring the onset of hyperth 3 -roidism, and for differentiating earty hyper- 
thyroidism from other diseases mimicking it. 

6. A linear correlation exists between the pbi and bmr in primary 
h}'perth 3 -roidism, but at a higher level than in toxic nodular goiter. 

7. S 3 mptoms presented in h 3 -perthyroidism have been correlated with the 
PBI and the bmr. The incidence of all symptoms in primar 3 ' h 3 'perth 3 Toidism 
was 67.1 per cent more frequent than in toxic nodular goiter in the group 
of patients studied. 

8. After iodide therap 3 ', the average response of the pbi in primar 3 - 
h 3 'perthyroidism differs from that of toxic nodular goiter. In the former, 
the average response follows well established lines, while in the latter the 
response parallels that noted following the addition of iodide to whole blood 
in vitro. The significance of this finding is uncertain. 
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Discussion. — ^Dr. Frank H. Lahev, Boston : This is a fine demonstration of the 
value of blood iodine studies, particularl 3 ' in doubtful cases. I diseussed a paper of Dr. 
Curtis’ similar to this, a short time ago, and in it have said that if one has a research 
laborator 3 ’’ such as he has and we have, concerned with the study of blood iodine, then 
these methods are readil 3 ^ available. Blood iodine studies are, however, time-consuming, 
they are expensive and they are open to a great possibility of error. For that reason I 
wish to present another method of separating patients with falsely elevated metab- 
olisms and those with truly elevated metabolisms. Dr. Elmer C. Bartels, of the med- 
ical department of the Clinic, has developed this method. He has shown that if pa- 
tients with falsely elevated metabolic rates are placed under pentothal anesthesia, such 
a metabolism can then be demonstrated to be at a truly normal level. He has also 
shown by doing metabolisms on patients with known normal basal metabolic rate, 
that during the determination under pentothal, there is no elevation of the basal rates. 
This is a valuable method to employ in the doubtful case in which the basal rate is 
persistently elevated but the patient lacks the clinical evidences of hyperthyroidism to 
go with it. 
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neurosurgical service of THE KINGS COUNTY HOSPITAL 

Following the amputation of a major portion of an extremity the 
patient usually experiences the sensation that the missing part is still present. 
This has been aptl};- termed phantom limb. In most instances, the ghost part 
is not particularly bothersome and adaptation to the new body pattern en- 
sues within a few months after the amputation. In some, however, the phan- 
tom becomes the source of considerable distress or even intractable pain. 
Although the ghost is seldom a precise replica of the amputated part, it 
often bears a strong resemblance to it. Some patients describe the phantom 
as a small hand or foot attached to the end of the stump of an arm or thigh, 
without intervening forearm or leg. In others, the false image assumes an 
unalterable distorted posture and may be the source of continuous cramp- 
like pain. Various descriptions of the phantom are given by patients, and in 
some it is logical to attribute the complaints to stump neuromas or causalgia. 

It does not seem at all surprising that there is a perpetuation of the pa- 
tient’s concept of his own body image after the sudden removal of or somatic 
denervation of a part. Each individual in the process of growth and matura- 
tion comes to appreciate a normal body pattern for himself. If he were born 
without an extremity there would not be a phantom of the missing part 
since it was never included in the normal body pattern. In otlier words, that 
which he had never had would not be missed. This we have found to be the 
case. Considering one’s ability to adjust psychologically as well as physio- 
logically to altered body patterns, it is readil)'- understandable that a phan- 
tom of a part removed persists for a period following its removal. After 
weeks, months, or in a few years, this phantom gradually recedes from the 
conscious state but sometimes it can be recalled, as expressed by one patient 
who sustained a traumatic amputation some 50 years before. ‘T can always 
call it (the phantom) back by thinking about it”. Moreover, the prominence 
of the hand or foot in the phantom may be logically explained by the ana- 
tomic fact that these parts have a much greater cerebral representation than 
the forearm and leg. Be that as it may, our critical interest in phantom limb 
stemmed from our unsuccessful attempts to treat patients with cramp-like 
pain allegedly due to an- unalterable posture of the phantom hand or foot. 
After running the gamut of sympathetic ganglionectomy, rhizotomy and 
anterolateral cordotomy in a somewhat empirical manner and without suc- 
cess, it occurred to us that possibly division of a part or all of the dorsal 
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column of the spinal cord on the side of the phantom might deprive the 
patient of a knowledge of the position of the ghost part and thereby elimi- 
nate the pain. 

From our limited experience up to this point it was evident that patients 
with phamtom limb presented a great variety of complaints. Success had 
followed the first dorsal cordotom)^ but our knowledge of the problem was 
too meager and the available recorded information so vague that a critical 
analysis of the subject seemed indicated before proper selection of patients 
for this operation could be made. It was therefore decided to study a series 
of patients of variable age who had for one reason or another lost an ex- 
tremit}^ or extremities either b}^ accident or by elective surgical amputation. 
Ample material as to numbers was available at the Kings County Hospital; 
however, the majority of the patients in this institution subjected to major 
amputation were in the fifth and sixth decades of life and the extremity or 
extermities had been amputated for some sort of primary vascular disease. 
We were most fortunate to have placed at our disposal by Dr. George 
Deaver, patients undergoing rehabilitation at the Institute for Crippled and 
Disabled, New York City, since here were found an intelligent group com- 
ing from many walks of life. The amputations had been performed from a 
few months to several years prior to interrogation. In addition to the mate- 
rial from the Kings County Hospital and that studied at Doctor Deaver’s 
clinic, a group of individuals born without extremities were questioned and 
the results included in this series. 

Altogether there were 150 subjects, 137 with surgical amputations and 
13 born without one or more extremities. Among the 137 patients compris- 
ing the surgical group, 159 extremities had been amputated. There were 
115 with a major part of a single extremity absent and 22 with multiple 
amputations. Patients with language difficulties due to foreign birth and 
those with intellectual alterations interpreted as the result of senile changes 
were excluded as unfit for study. Included in the series were lawyers, 
physicians, dentists, artists, school teachers, laboratory technicians, me- 
chanics and laborers. A detailed description of the phantom part was ob- 
tained from each and the stump was carefully examined in every case. 
Eighty-two patients in the surgical group had lost the extremity two or more 
years prior to the time of the examination. All of these patients were self- 
supporting and well adjusted to their handicaps. Thirty-three others had 
been subjected to amputation from six months to two years prior to the 
present study. Many of the patients in this category were still in a stage of 
physical rehabilitation, although complete healing of the stump had occurred 
in all. The remaining 22 patients comprised those with relatively recent 
amputations. In the majority of these the extremity had been removed only 
a few weeks prior to this study and in many, complete healing of the ampu- 
tation site had not occurred. The reason for absence of the extremities is 
shown in Table I. 
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CONGENITAL ABSENCE OF AN EXTREMITY OR EXTREMITIES 

There were 13 subjects in the series born without the whole or a major 
part of one or more extermities, a total of 17 missing extremities occurring 
in this particular group. In 11 of the subjects part of one or both upper ex- 
tremities was missing, in one an entire lower extremity and in the remaining 
subject a major portion of both upper extremities as well as a part of a lower 
extremity were absent. Phantom-limb had never been present among any 
of these although such a phenomenon was well known to several of them. 

PHANTOM OF THE UPPER EXTREMITY 

The most striking examples of phantom limb occur after the removal of 
all or a major part of an upper extremity. Usually the description given by 
these patients is far more elaborate and vivid than that after a loss involving 
the lower extremity. The sensory ghost is often present continuously for 
many years and in some shows practically no tendency to disappear. 

Table I . — Reasons for Absence of Extremities 


ISO Patients 

Congenital absence 13 

Occlusive vascular disease 70 

Traumatic severance 44 

Primary infection 14 

Extensive burn 3 

Congenital deformity 3 

New growth 3 


A total of 19 surgical amputations of the upper extremity were studied 
and phantom limb was present in 17 instances. The amputation had been 
performed above the elbow in nine and below the elbow in ten. Three of the 
19 had sustained accidents that required amputation during infancy. A typi- 
cal example of the syndrome of phantom limb as it occurs following the loss 
of an upper extremity is illustrated by the following history. 

C. T., a 51 -year-old physician, was wounded in the right elbow by a charge of 
buckshot while on a hunting trip in Mexico. The lower arm and elbow were avulsed 
leaving the distal part hanging by a few shreds of tissue. There was no loss of 
consciousness. There was severe pain in the shattered part. Some twelve hours after 
injury the damaged extremity was amputated four inches below the shoulder. Di- 
rectly after awakening from the anesthesia there was felt a phantom forearm and 
hand. The forearm seemed to be flexed and internally rotated while the hand was 
extended at the wrist. The fingers were held in extension and pursed together at 
their tips. The ghost hand appeared to be situated near the elbow with the forearm 
shortened. The hand, especially the fingers, was described as being the outstanding 
part of the phantom. The fingers could be “moved” without diffiiculty but usually 
they remained straightened out and pressed together. The entire hand felt uncom- 
fortable and heavy as though it were immersed in mercury. Our examination was 
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carried out one year after the amputation. No cliaiige in the phantom limb had 
occurred during lliis period. 

Usimlly upon recovciy from the anesthetic or within a day, regardless 
of the level of amputation (through the forearm, arm or at the shoulder 
joint) there was felt a phantom hand and wrist that seemed to be in the 
region of the end of the stump but not necessarily attached to the stump. 
Occasionally parts of the missing forearm, elbow or distal arm were in- 
cluded in the phantom. In one instance the entire missing upper extremity 
was represented in the ghost. In several, the thumb and index- finger were 
prominent parts but the remaining fingers, the palm, back of the hand and 
the wrist, while present, were not as vividly represented. In seven of the 19 
the phantom felt “like a doll’s hand or a baby’s hand”. In onty one of these 
seven had the extremity been amputated during childhood. In 12 the fingers 
of the phantom were perceived as closed in a tight fist. In three others, the 
ghost hand was continuously open but the fingers were firmly pressed to- 
gether and could not be separated. In one the thumb and index finger were 
flexed toward each other as though a small object was being held between 
them. Several of these variable features were disclosed in a single subject. 

This unusual and often distorted posture of the phantom part has been 
commented on by several observers, notably Riddoch.^ It has been stated 
that the posture tliat persists in the ghost represents the last remembered 
position of the limb prior to its removal. Six of this group could recall with 
accuracy the precise position of the hand and forearm just before being 
given an anesthetic for amputation and in only one did the posture of the 
phantom bear any resemblance to that of the extremity just before amputa- 
tion. This patient was an 1 8-year-old male who lost his entire hand by the 
accidental explosion of a blasting cap which he was holding between the 
thumb and index finger. The phantom hand, as mentioned above, was felt 
as if the thumb and index finger were almost approximated and he were 
still holding the blasting cap but the cap could not be felt between them. 
The fingers of the ghost have remained fixed in that position for almost 
three years. 

Quite in accordance with the statements that we have made regarding 
body pattern, is that concerning the perpetuation of a deformity in a phan- 
tom. That is, after the amputation of an abnormal extremity, a long-stand- 
ing deformity will he a part of the phantom. Such is not the case if the 
deformity has been present only a few months before the extremity is re- 
rnoved. For example, a patient accidentally severed the flexor tendon of a 
ring finger which eventually resulted in a stiff finger. Seven years later the 
same hand was caught in a mangle, necessitating amputation just distal to 
the elbow. After this operation all the fingers of the phantom hand could 
be moved” except the ring finger which was still stiff. 

In no case in this series did the phantom limb that followed the ampu- 
tation of an upper extremity of an adult disappear or even tend to fade 
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away. As stated, there were two subjects in whom phantom did not 
follow amputation. One, a 19-year-old girl, had lost an upper extremity 
at nine weeks of age. Another patient lost a right upper and right lower 
extremity in an accident at two and a half years of age. Now at twenty-nine 
years of age she too cannot recall ever having a phantom of either part. An- 
other lost both upper extremities in a street car accident at three and a half 
years of age. In this instance both extremities had been amputated just 
below the shoulders. He is now forty-five years of age and as long as he 
can remember there has been a phantom on the left side but none on the 
right. So it' may be said that amputation of an upper extremity before three 
or four years of age may be followed by a phantom part whereas the loss 
of an upper extremity during adolescence or adult life is almost invariably 
followed by the presence of a ghost hand that persists either continuously or 
intermittently throughout the remainder of the patient’s life. In some, the 
ghost part is the site of intractable pain, interpreted by the patient as being 
due to cramps attending, a distorted position of the part. This will receive 
further consideration later in this paper. 

THE LOWER EXTREMITY 

In contrast to the situation following the loss of an upper extremity, the 
phantom limb which appears after the removal of a lower extremity is less 
striking and is more likely to disappear spontaneous!)^. There were 103 pa- 
tients studied with loss of a major portion of one lower and 18 others with 
loss of both lower extremities. In addition one patient with amputation of 
an upper and lower extremity has been included in this group. These 122 
patients had lost 140 extremities. Phantom limb followed the removal of 
125 of tliese. The amputation had been performed through the thigh in 86 
instances and below the knee in the remaining 54. 

The following history illustrates the syndrome commonly present after 
a major amputation of a lower extremity. 

I. M., a 22-year-old law student, developed gas gangrene of the left lower ex- 
tremity following an operation on the knee joint. It became necessary to amputate 
at the level of the mid-thigh. There was no pain before the amputation was per- 
formed. He was brought to the operating room with the extremity lying in full 
extension and encased in a cast. This was the last recollection he had of the limb 
before the anesthetic was started. Upon regaining consciousness after the operation 
he perceived the presence of a phantom limb. The ghost consisted chiefly of a foot 
and the lower leg. It seemed bent so that when he was lying on his abdomen, the 
foot felt as though it was suspended above him. When he was lying on his back 
the foot seemed to be protruding through the mattress. The phantom foot was 
situated closer to the stump than normally. He felt that he could “move” the big 
toe of the phantom at will but not the other toes. The entire phantom was "asleep” 
and numb. The amputation stump healed promptly and he was subsequently fitted 
with a prosthesis. When the patient was examined five years after the amputation, 
he stated that the ghost foot had undergone no change except that it was not as 
vivid as it was when it first appeared. 
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The phantom part described by the patients in this group with major 
amputations of tlie lower extremities consisted mainly of a ghost foot. The 
big toe was especially prominent. In many patients the heel, the ankle and 
the lower part of the leg were represented and in a few the knee was also 
present. In three cases the entire missing limb was present in the phantom. 
As in the case of the upper extremity, the level of amputation in a lower 
member seemed to have little bearing on the size of the phantom. As a rule, 
the phantom seemed to be a replica of the original, however, in four the 
ghost foot was felt as being smaller. 

Various sensations were described as arising in the phantom. Itching 
and tickling in the toes were mentioned by many patients while crawling, 
prickling or mild cramping were reported by others. Not uncommonly how- 
ever, the phantom foot was described as feeling “natural.” 

In contrast to tlie abnormal position of the phantom of the upper ex- 
tremity, the posture of the phantom of the lower extremity was not usually 
distorted. In most cases the foot seemed to be held at a right angle to the 
leg while the toes were described as being in the usual position of semi- 
flexion. In some instances the toes were reported as being cramped and 
pressed tightly together. A few patients stated that the toes were “bent 
under the foot”. In cases where the toes of the ghost seemed tight or 
cramped, they felt as if they could not be “moved”. In five instances the 
phantom member seemed to be hanging down under the bed as though it 
were protruding through a hole in the mattress. As previously noted, in the 
case of the upper extremity, deformities, especially those of long standing, 
that existed in the lower extremity before amputation, reappeared in the 
phantom limb. For example, in one patient, after a severe burn, the leg 
gradually became acutely flexed as a result of a cicatrix. The extremity was 
subsequently amputated at the level of the mid-thigh and the phantom which 
developed after amputation, was that of a flexed leg much the same as the 
posture assumed by the extremity before operation. There were numerous 
patients in the series who had lost one or several toes prior to undergoing 
amputation at a higher level. Only rarely were these losses perpetuated in 
the phantom. 

In most cases the phantom lasted for one or two years. However, there 
were several exceptions to this. Thus, there were five subjects who still had 
a well marked phantom after 20 years, while another patient had experienced 
a phantom for 36 years and still another for 38 years. Usually the sensa- 
tions associated with the phantom such as itching, tickling and so on, per- 
sisted for only a few months and disappeared long before the phantom. 

MULTIPLE AMPUTATIONS 

Amputations of the upper or the lower extremities bilaterally are usually 
followed by bilateral phantom parts, although the ghost hands or feet may 
not be identical. This is true, not only when the bilateral loss occurred as a 
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result of surgical procedures carried out at different times but also when the 
amputations were performed at the same time. 

There were 22 patients in the series with major amputations of two ex- 
tremities. In 18, major portions of both lower extremities had been removed, 
while in three others major parts of both upper extremities had been ampu- 
tated. In the remaining patient a single upper and lower extremity on the 
same side had been removed. In one patient both lower extremities had been 
accidentally severed at the same level just distal to the knee. Although the 
level of surgical amputation was nearly identical on both sides, the phantom 
foot was much more in evidence on the left. Furthermore, the toes of the 
phantom on the left were said to be itchy while those on the right were not. 
Often the ghost image was more enduring on one side than the other. Also 
a greater portion of the missing limb was usually represented on one side. 

AMPUTATION DURING CHILDHOOD AND ADOLESCENCE 

Children. Children may have a phantom limb after the amputation 
of an extremity. There were 16 patients in the group who were 12 years old 
or less at the time of amputation. A total of 18 major amputations had oc- 
curred in this group and a phantom limb followed amputation in eight cases. 
The majority of these individuals were adults at the time of this study. As 
previously stated, the youngest subject with a phantom had lost the upper 
extremity at three and a half years of age. The youngest patient with a 
phantom limb following the removal of a lower extremity was four years 
old at the time of amputation. The phantoms that followed amputations dur- 
ing childhood and that persist into adult life are described as the same 
regardless of the age at the time of amputation. 

Adolescents. There were 12 subjects in this group who had sus- 
tained a major amputation while between the ages of 13 and 16 years. A 
total of 15 major losses had occurred in the adolescent group. All of these pa- 
tients developed typical phantom limbs. A single upper extremity had been re- 
moved in four patients while a single lower extremity had been removed in 
five others. Two of the remaining patients had sustained a loss of both 
upper extremities and one other individual had sustained the loss of both 
lower extremities. 

MISCELLANEOUS FACTORS RELATED TO THE AMPUTATION AND THEIR BEARING 

ON PHANTOM LIMB 

It is recognized that the extremities on the dominant side of the bod}' 
receive preferential use all through life. One might expect then that the 
removal of an extremity, especially a hand, from the dominant side would 
result in a more lasting and perhaps a more striking phantom part. This has 
not been found to be true. The best opportunity to evaluate a phantom part 
in its relation to limb dominance occurred in those patients who had sus- 
tained simultaneous bilateral amputations of upper extremities. There were 
11 such individuals in the group. Some of these patients stated that botli 
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phantoms were equally striking, while others could not be sure which was 
the more prominent. In some instances the phantom on the dominant side 
was not as well perceived as that on the opposite side. Comparing the 
lengths of time each ghost endured it was found that the hallucination on 
the dominant side did not last significantly longer than the one on the other 
side. Furthermore an analysis of patients with amputations of single ex- 
tremities showed that limb dominance had very little effect either on the 
character or the duration of the phantom. 

Some observers have stated that amputation through the forearm or leg 
is more likely to give rise to a lasting phantom limb than an amputation per- 
formed more proximal. A comparison of the duration of the phantoms 
resulting from 64 low-level removals (below the elbow or knee) and 95 high- 
level removals did not support this statement. 

It was found that if an extremity was accidentally severed the resulting 
phantom was more likely to be enduring. As already noted, the phantom 
which followed the removal of an upper extremity is likely to last for a 
longer period than the one which appears after the loss of a lower extremity. 
Most of the amputations of the upper extremity in this series occurred as 
a result of accident. 

Wound healing, either primary or secondary, seems to have little effect 
on the occurrence, type or duration of phantom limb. There were 32 ampu- 
tations in the series where delayed healing of the amputation stump had 
occurred and 127 other stumps in which primary healing of the operative 
site had taken place. Furthermore, it was found that poorly constructed 
stumps did not produce any significant alterations in the phantom limb. Pro- 
truding ends of bone, unnecessarily large flaps of tissue or tight flaps were 
present in some and were often the cause of local pain in the stump. While 
these features frequently prevented the patient from wearing a prosthesis 
they apparently had no influence on the phantom part. 

PAINFUL PHANTOM LIMB 

In the entire series of 159 surgical amputations in 137 patients there 
were 48 painful phantoms in 47 of these, 38 male and 9 female. A critical 
review discloses that the level of amputation, the nature of the wound heal- 
ing, whether the extremity was amputated for a disease process or as a 
result of trauma, whether the extremity was the dominant one or not or 
whether the stump tissues were redundant or taut secerned to have little if 
any bearing on the two types of discomfort that are subsequently described 
as transitory and enduring painful phantom. Pain in the extremity prior 
to amputation seemingly influences the presence of pain in the phantom 
limb. This was true for both transitory and enduring pain. Of the 38 cases 
with transitory pain, 26 had severe pain before the extremity was removed. 
Of the ten examples with enduring pain in the phantom six had severe pain 
before amputation. 
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Considering ever)^ case - where an amputation was followed by a phantom 
limb, the incidence of painful phantom limb was approximately 30 per cent. 
The syndrome of painful phantom limb is frequently confused with painful 
neuroma or causalgia of the stump. Pain arising from neuromas is dis- 
tinctly local in character. The discomfort in such cases is intermittent and 
occurs when the end of the stump is mechanically stimulated. The distress 
is sharp and often electric-like. The pain arising from stimulation of neu- 
romas is frequently referred out to the phantom limb, if present, but does 
not originate in the ghost part itself. Jumping stump may be associated with 
the attacks of pain. The discomfort may be promptly abolished by injec- 
tions of procaine into the painful neuroma. Causalgia of a stump is more 
apt to occur after amputation of a digit than after the removal of a major 
portion of an extremity. In a few cases the stump was the site of severe 
burning pain. In stump causalgia, a light touch often initiates burning pain 
that may involve the whole stump. These patients will not permit the part 
to be handled and at times they are unable to bear even the weight of cloth- 
ing on the stump. Exposure to a cold draught is often sufficient stimulus 
to initiate pain. On examination the stump in such cases is found to be cold, 
sweaty, cyanotic and somewhat atrophic. 

in reviewing the complaints of the patients in this group with pain in 
the phantom limb, exclusive of the causalgias and neuromas, it became evi- 
dent that they fell into two divisions. In the first division the discomfort 
was transitory and showed a progressive tendency to diminish in severity 
as time went on. In the second, the pain was enduring and showed no 
tendency to relent as time passed. In those with transitory pain in the phan- 
tom the discomfort was characterized by the presence of bothersome dyses- 
thesias such as numbness, tingling or burning, whereas in those with 
enduring pain the distress was characterized by an unalterable postural dis- 
tortion of the phantom member. 

TRANSITORY PAIN IN THE PHANTOM LIMB 

In 38 instances bothersome distress of a transitory nature was present 
in the phantom part. In two cases transitory pain in the phantom was asso- 
ciated with loss of an upper extremity while in 36 others the lower extremity 
was involved. 

As stated the discomfort in those considered to have transitory pain was 
usually described as a sensation of bothersome burning, tingling, coldness, 
numbness, fullness or occasionally electric shocks in the ghost member. In 
most instances the pain appeared on the day after operation or shortly 
thereafter. However, in one instance the pain came 13 years after amputa- 
tion, in another three years and in another four months after operation. 
Commonly the discomfort was fairly severe for several weeks after opera- 
tion followed by a gradual subsidence. In 27 cases the pain had disappeared 
after 12 months. In seven others, it had totally subsided after 24 months. 
In the remaining four the distress had persisted for three, five, seven and 
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Len years respectively, but in each of these the pain was considered to be 
gradually disappearing. In 12 of the 38 cases the pain in the phantom 
bore a distinct resemblance to the discomfort present in the extremity be- 
fore amputation. Among this group of patients with transitory pain in the 
phantom limb, there were four with bilateral losses of the lower extremities. 
One patient expeidenced distress of a temporary character in both phantoms. 
Two had bilateral phantom limbs but in each instance pain was present in 
only one side. The remaining patient had a phantom limb on only one side 
associated with mild pain m this ghost part. 


ENDURING PAIN IN THE PHANTOM LIMB 

In ten instances, the phantom limb was the seat of enduring and unrelent- 
ing pain. In four cases the pain in the ghost member had followed the re- 
moval of an upper extremity, while in the other six it developed after the 
loss of a lower extremity. The following case history is illustrative of this 
syndrome in the upper extremity. 

J. B., a S3-year-old white male, sustained an avulsion injury of the right upper 
extremity in an auto accident. A few hours later amputation was carried out through 
the upper arm. He could not recall having any pain in the member prior to its re- 
moval. Immediately after awakening from the anesthetic there was a phantom limb. 
The ghost part was lying in front of his chest and seemed to be situated close to 
the amputation stump. The lower arm, elbow and forearm were not represented. The 
fingers of the phantom were held in extension with the tips pressed together. A sen- 
sation of cramping was present in the ghost and the fingers felt uncomfortable. Grad- 
ually the phantom hand became more distressful so that by the third month after 
operation the pain was continuous. A pressing and squeezing sensation was now 
present involving the palm and all the fingers. The fingers were so tightly pressed 
together that it seemed as though they were being crushed in a vise. The wrist was 
also painful and felt as though a wire noose had been tightened about it. He dis- 
covered that the pain became worse when the weather was inclement. If the end 
of the stump was aCv-identally struck, a shock-like sensation radiated out to the 
ghost part, however, under these conditions the squeezing pain remained unaltered. 

The syndrome of intractable pain as related to amputation of the lower 
extremity is illustrated by this case : 

I. S., a 60-year-old white male with obvious arteriosclerosis, developed gangrene 
of the right foot. The gangrenous toes had become gradually insensitive and they 
were finally removed without the use of an anesthetic. Shortly afterward a cellulitis 
of the foot developed associated with severe pain in the entire involved limb. Seven 
weeks after this the extremity was amputated through the mid-thigh. After recover- 
ing consciousness there was a phantom limb. The lower leg and the foot were repre- 
sented in the phantom. At first the phantom limb was not painful; however, two 
weeks after operation there was a severe cramping sensation in the ghost foot. Over 
a period of several weeks this distress graduallj'^ became more severe and the phan- 
tom felt as though it were being forcibly bent on itself. After great effort the foot 
could be “straightened” slightly and the pain would temporarily lessen. Narcotics 
were resorted to and had been continued up to the time of examination. 
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In every instance where the phantom was the seat of intractable pain 
the outstanding clinical feature was painful postural distortion of the ghost. 
As a result of this the patient complained of unrelenting cramping, squeezing 
or twisting of the phantom part. In a feiV instances temporary respite from 
pain followed “voluntary movement” of the ghost. In no case did tlie dis- 
tress show any tendency to abate with the passing of time. After the re- 
moval of an upper extremity one patient stated that the nails and fingers 
felt as though they were being dug into the palm of the ghost hand. Another 
patient stated that his phantom hand was perpetually clenched in a tight 
fist so that he could not open it. Following amputation of a lower extremity 
another complained of having the feeling that the toes were being bent into 
the sole of the phantom foot. Another described his ghost foot as having a 
tight wire twisted around it and the toes felt as though they were being 
squeezed. Still another individual stated that his ghost foot felt as though- 
it were encased in a block of cement and that the foot could not be moved. 

In each of the ten cases, the distortion of posture involved the distal 
portions of the phantom. Patients with pain due to such unalterable abnor- 
mal posture of the phantom are the ones that may be relieved by dorsal 
cordotomy. ^ 

DISCUSSION 

Following the loss of a part of the body, either by operation or acci- 
dental trauma in the adult human, there is a perpetuation of the patient’s 
body image. It rarely occurs if the part, especially an extremity, has been 
removed during early childhood and in our experience has not been present 
in those in whom the part was removed before the third year of life. It is 
never present in subjects born without extremities. We find nothing so re- 
markable about' this. In truth, the adult subject who refuses to admit the 
presence of a phantom limb after the amputation of a major part of it, is 
to be considered psychologically abnormal. Long-standing deformities of, 
as well as absence of, digits of a hand or foot that have been established in 
any particular individual’s body pattern should be expected to be perpetu- 
ated in the phantom if the extremity of which the abnormality was a part 
were removed later in life. This too we have found to be the case. This 
perpetuation of the body pattern that has been called ghost or phantom part, 
is not what has attracted our attention but the fact that in many instances 
the phantom is not a replica of the part removed. Especially has our atten- 
tion been attracted to those patients with pain that is described as residing 
in a miniature ghost of the part removed and at times resulting from an 
unalterable cramped posture of the fingers or toes of the phantom hand or 
foot. 

Several theoretical explanations have been proposed for this most remark- 
able phenomenon, notably that impulses arising from the stumps of the 
severed nerves upon reaching the cerebral cortex are interpreted as coming 
from an extremity that is smaller and often distorted. Such a concept seems 
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untenable. There were ten patients in the present series with phantom limb 
who were subjected to reamputation of the stump. Sectioning the nerves 
of the stump at a higher level produced no changes in the phantom. It seems 
most unlikely that the surgeon could have sectioned the nerve trunks at the 
second operation precisely as they were divided at the first operation. More- 
over, experience has shown that sectioning all the spinal nerves introdurally 
that supply the stump of an extremity has no bearing on the size or posture 
of a phantom, nor does such a procedure relieve or change the character 
of pain that seems to reside in the phantom. One patient in the series sus- 
tained a traumatic amputation of the forearm associated with an avulsion 
of brachial plexus of the same side. The remaining stump of the arm was 
totally devoid of all sensation yet there was a phantom hand that was de- 
scribed as being in a continuous painfully cramped posture. 

Anterolateral cordotomy with resultant loss of pain and temperature of 
the stump has produced transitory alterations of the phantom in a few, 
whereas in others there was no change in the size and posture of the phan- 
tom nor the character of the pain. This operation has relieved the pain 
associated with overgrowth of nerve stumps, the so-called painful stump 
neuromas. It has had very little if any beneficial effect on the burning pain 
of causalgia. Leriche^ and Livingston® have emphasized the role of the 
sympathetic nervous system in connection with painful phantom limb. 
Sympathetic denervation of a stump may favorably influence a painful 
phantom part for several weeks; however, from our experience, lasting 
benefit should not be expected to follow sympathetic ganglionectomy. 

In 1911, Head^ reported the disappearance of a phantom limb follow- 
ing thrombotic infraction of the sensory cortex contralateral to the ghost 
part. Guiterrez-Mahoney® has shown that selective excision of a part of 
the parietal cortex may modify phantom limb and produce transitory reduc- 
tion in the pain residing in the ghost. We have indicated in a previous 
report that the cramp-like pain in a phantom hand or foot that has been 
described by the patient as the result of an unalterable posture in the ghost 
may be favorably altered by surgical section of the fibers of the dorsal 
spinal cord on the side of the disturbance. Both of these procedures 
(parietal cortical ablation and dorsal cordotomy) are designed to deprive 
the patient of a knowledge of the stump as well as the phantom. Certainly 
one would not expect that either the cerebral cortical ablation or section of 
the fibers in the spinal cord that allegedly carry proprioceptive sensibilities 
would favorably influence pain produced by a neuroma or the other clinical 
syndromes characterized by pain that may arise from scarring in the end 
of the stump. It must therefore be clearly recognized that the selection of 
the patients to be subjected to either of these operative procedures must 
be made with great care. Approximately 100 per cent of adult patients who 
lose an extremity will have a phantom limb lasting for variable periods 
after operation. About one-third of these will suffer from pain in the stump 
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and/or the phantom and in 75 per cent of these the pain will slowly dis- 
appear. A small percentage (approximately 7 per cent of the total num^jcr) 
will have a more or less continuous cramp-like pain in the phantom hand 
or foot due to abnormal posture of the ghest. It has been our experience 
to date that complaints of this character coming within a week or so fol- 
lowing operation are likely to continue throughout the remainder of the 
patient’s life unless modified by a surgical procedure designed to deprive 
the patient of a knowledge of the position of tlie ghost part. 

TREATMEKT AND RESULTS 

Our surgical experience has been limited to dorsal cordotomy. As stated, 
selection of the patient for operation is of utmost importance. Only those 
with pain in the phantom due to cramped abnormal posture of the ghost 
should be subjected to this operation. Six patients have been operated upon, 
two with painful phantom hands and four with distorted painful phantoms 
of the legs and feet. The cordotoni}'’ for the abnormalities of the upper 
extremity should be performed at the level of the second cervical spinal seg- 
ment. The lateral two-thirds of the dorsal column of the cord may be sec- 
tioned without disturbing gait or station. For the lower extremity the trac- 
totomy should be performed at the mid-thoracic level and all of the fibers of 
the dorsal column on the side of the phantom are to be sectioned. With the 
spinal cord exposed and the arachnoid removed, the dorsal sulci may be iden- 
tified by dropping some blood on the cord and observing the red blood cells 
collect in these grooves. An alternate method is to make the sulci prominent 
by applying a small amount of neutral methylene blue to the surface of the 
cord. Following dorsal cordotomy there is no demonstrable disturbance in 
rectal or vesicular sphincters nor motor power of the stump. Appreciation of 
touch was not altered. In three patients there was impaired but not marked 
loss of appreciation of vibration of the tuning fork below the level of the 
section of the spinal cord. Appreciation of passive motion of the stump 
was impaired in three, however, this mild disturbance disappeared within 
about three months following operation. Complete loss of the phantom foot 
and the cramp-like pain resulted in three. In the remaining patient with 
■phantom foot the pain was relieved but "at times the phantom is still 
there”. Hypnotics were no longer used and there was a gain in weight. 
The results in the two patients with phantom upper extremities were not 
so good. At least the results are difficult to evaluate. One of these (a 
World War II veteran) before operation complained of cramp-like pain 
in a small phantom hand that seemed to be "close to but not connected 
with” a short stump of the left arm. In addition there was a burning sen- 
sation in the phantom that was said to be in the region of the h 3 ’-pothenar 
eminence. After operation performed by Dr. Frank Turney, the phantom 
hand was still present and there was "some burning” in the hypothenar 
region of the ghost. He flatly denied ever complaining of a cramp-like pain 
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in the phantom, the outstanding distress before operation as recorded by 
three competent observers. The other patient with painful distorted phan- 
tom of the left upper extremity was a none-too-intelligent negro approxi- 
mately sixty 3^ears of age. Before operation there was a complaint of con- 
tinuous cramp in the ghost hand. He was frequently seen to be holding the 
stump of the left arm with the right hand. After operation the phantom 
part was not mentioned by him unless inquired into by the house staff. If 
asked directly regarding the ghost part it seemed that there was intermit- 
tent burning type of pain in the stump of the arm and that the phantom 
was present if attention was focused on it. 

From the results obtained from dorsal cordotomy up to the present time 
we believe the procedure has merit and its use should be continued. Cer- 
tainly the results in the patients with phantom foot are most encouraging. 
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Discussion. — Dr. Gilbert Horrax, Boston: I think one of the curious things in 
phantom limb pain is this cramp-like pain in the extremity. Most patients complain that 
the hand is in an extremely cramp-like position and thej' cannot get it down.. The caus- 
algia-like pain that some of them have, if it is helped by anything, is helped by sym- 
pathectomy. Dr. James E. White brought that out, I think, in a discussion of war cases. 
This cramp-like pain is not helped by sympat)hectom 3 % at least in ou: experience. 
Cordotomjf, in our experience, is useless with these amputation pains. Other proce- 
dures have been used, and Dr, Mahoney some j'ears ago did several cortical incisions 
of the sensory area for the painful phantom. I understand that he has said recently 
that the pain in those patients returned. I carried out cortical incision in one patient 
who had bilateral amputation of the upper extremities, doing it on both sides. He 
was relieved only for a week or two, then the pain recurred and was as bad as ever. 
I think I was ill-ad\dsed to do this so far as that particular patient was concerned, 
because although we got him off morphine he had become an addict and went back to 
it eventually. It is my feeling that in a case of that type, probably a lobotomy might 
succeed, although that remains to be seen. But cortical excisions for this type of 
pain have not been successful in my hands. Therefore I think that if dorsal cor- 
dotomy, which is a relatively simple operation, will eliminate this severe cramp-like 
pain. Dr. Browder has made a distinct contribution to neurologic surgery. 
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There seems to be little doubt that severance of the vagus nerves to 
the stomach produces physiologic changes which promote peptic ulcer healing 
and possibly prevent recurrences in the majority of cases. However, some 
surgeons have abandoned vagal section as the sole procedure in the surgical 
therapy of chronic non-obstructive duodenal ulcer because there have been 
recurrences despite complete vagotomy as verified by negative insulin tests, 
and because the high incidence of persistent gastric atony frequently required 
further surgery for correction. The addition of a gastro-enterostomy to 
bilateral infradiaphragmatic vagotomy usually eliminates the symptoms of 
gastric motor disturbances. It has long been recognized that gastro-enteros- 
tomy per se will heal a duodenal ulcer, but the fact that this operation is 
followed by a high incidence of jejunal ulceration has minimized its usefulness. 
Whether the addition of vagus section will prevent this untoward complication 
will be decided only by future follow-up observations. We, as well as others, 
are employing this combined procedure in a series of selected cases, and while 
the results to date appear promising, insufficient time has elapsed to warrant 
definite conclusions. 

Although subtotal gastrectomy of the Billroth II type is still the procedure 
of choice for duodenal ulcer in many clinics, it has not met with universal 
approbation. Its critics have stated that in the hands of the average surgeon 
the mortality is too high and that the end results do not justify the magnitude 
of the procedure. However, the mortality and morbidity in experienced hands 
has been markedly reduced in recent years. It is true that following gastric . 
resection some patients fail to gain weight, some are rendered uncomfortable 
by the dumping syndrome, and a certain number develop jejunal ulceration. 
The incidence of this latter complication has been reported as between 3 and 9 
per cent. Most of these occur in the presence of high free acid values in the 
gastric contents. If subtotal gastrectomy, which removes the hormonal phase 
of gastric secretory activity, is combined with bilateral infradiaphragmatic 
vagotomy, which eliminates the ps)'chic phase of gastric secretion, it is reason- 
able to predict a further lowering of the acidity or the production of an achlor- 
hydria. Under these conditions, the incidence of jejunal ulcer should be 
reduced, for it is well known that jejunal ulceration does not occur in the 
absence of free hydrochloric acid. 


t Read before the American Surgical Association, Quebec, Canada, May 28, 1948. 
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Tlie combination of subtotal gastrectomy and infradiaphragmatic vagotomy 
for duodenal ulcer is not a new concept. In 1929, Kleini published the results 
of left anterior vagotomy and gastric resection in eight cases of duodenal ulcer 
with unusually high preoperative acid figures. All cases revealed an achlor- 
hydria to the gruel Rehfuss test within six months after operation. In a control 
series treated by gastrectomy alone, only 25 per cent developed an achlorhy- 
dria. Subsequently in 1934, Winkelstein and Berg^ reported further studies 
in 34 cases of duodenal ulcer with high preoperative acidity in which twenty- 
six, or 77 per cent, developed achlorhydria to gruel following partial gas- 
trectomy and left subphrenic vagotom 3 ^ 

It was therefore considered logical to combine subtotal gastrectomy with 
infradiaphragmatic bilateral vagotomy provided the operative risk and post- 
operative morbidity were not appreciably increased. At first, this combined 
procedure seemed especially indicated in the duodenal ulcer cases in which 
bleeding without pain was the predominant symptom, and those in which the 
preoperative acid studies were unusually high, two categories in which subse- 
quent jejunal erosion and ulcer are most apt to occur. Accordingly, early in 
1946, subtotal gastrectomy and complementary bilateral infradiaphragmatic 
vagotoni}' were performed on several of these patients without mortality 
or significant additional postoperative morbidity. Encouraged by the imme- 
diate results, the indications were broadened and the combined procedure was 
performed with increasing frequency. Other similar cases in which subtotal 
gastrectomy alone was done for duodenal ulcer were used for comparison. 
It might prove informative to review these two series to determine the advan- 
tages and disadvantages of the combined procedure. 

This presentation must be considered as a preliminary report for the ulti- 
mate results of any ulcer therapy must be based on follow-up studies extending 
over a period of many years. 

The cases studied represent all the duodenal ulcers admitted during the 
years 1946 and 1947 to the C Ward Service of the Mount Sinai Hospital and to 
the private service of the senior author, in which subtotal gastrectomy with 
and without vagotomy were done. All of these cases had had previous medical 
treatment. The average duration of symptoms was more than 12 years, and 
the average age of the patients was 45 years. There were 100 such cases, 12 of 
which had been operated upon previously for acute perforations. Fifty-four 
patients were treated by subtotal gastrectomy and 46 by subtotal gastrectomy 
combined with bilateral infradiaphragmatic vagotomy. 

The incidence of untoward reactions at the time of operation was minimal 
in both groups. One case in the gastrectomy series suffered a sudden sharp 
drop in blood pressure and a rise in pulse rate toward the end of the proce- 
dure. A similar change was noted in one patient when the vagus nerves were 
mobilized and resected. In view of the fact, however, that in this clinic the 
infradiaphragmatic vagotomy is performed after the gastric resection, these 
circulatory effects cannot be ascribed to the vagotomy. No other sequelae 

471 



COLP, KLINGENSTEIN, DRUCKERMAN AND WEINSTEIN ^“temtcrl’ms 


such as bradycardia, vagovagal reflex or cardiac arrest were noted. However, 
in one case, while attempting to mobilize the esophagus, it was partially torn 
longitudinally. The laceration was sutured, but the vagus nerves were not 
sectioned. The patient made an uneventful recovery. 

There were no deaths in either group in this series. 

A comparison of the early postoperative complications revealed some 
differences between the two series. The postoperative course was rated as 
minimal, moderate or severe. In the gastrectomy group of 54 patients, 48 were 
classified as minimal, five as moderate, and one as severe. In the gastrectomy- 
vagotomy group of 46 cases, 31 were classified as minimal, 13 as moderate, and 
two as severe. 

A summary of the complications in the two series are listed in Table I. 

There were six cases with pulmonar}^ complications in the gastrectoni)^ 
group, all of which were mild ; there were ten in the gastrectomy-vagotomy 
group, eight mild and two severe. 

Five cases in the gastrectomy group developed postoperative retention and 
vomiting, which in two were rather distressing and prolonged. Six patients 
of the gastrectomy-vagotomy group suffered from similar symptoms but these 
were severe in only one. 

Table I 


Subtotal Gastrectomy 
Subtotal and Infradia- 

Gastrectomy phragmatic Vagotomy 


Pulmonary 6 10 

Vomiting and retention 5 g 

Diarrhea 4 5 

Distention 1 3 

Dysphagia 0 4 

Duodenal fistula 1 

Pelvic exudate 0 2 

Subhepatic exudate 0 2 

Evisceration with intestinal obstruction 0 1 


A mild diarrhea occurred in four patients of the gastrectomy series. How- 
ever, one of these was obviously due to the effects of jejunal alimentation and 
subsided promptly when these feedings were discontinued. The gastrectomy- 
vagotomy series contained five cases with diarrhea. In the only one which was 
severe, stool cultures revealed that the patient was suffering from a Salmonella 
infection. Another patient had a penicillin reaction, which produced a rash, 
fever, and diarrhea. It was felt that for purposes of comparison, these two 
cases might be discarded. A corrected incidence of diarrhea disclosed three 
mild cases in the gastrectomy series, and three mild cases in the gastrectomy- 
vagotomy series. 

Marked abdominal distention was noted in only one case of the gastrectomy 
group, and that occurred in the patient previously mentioned, who had had 
a complementar}' jejunostomy. In the gastrectomy-vagotomy series there were 
three cases with moderate postoperative distention due to peritonitis rather 
than vagotomy. All of these were observed in patients in whom the duodenal 
closure had been difficult, and the area had been drained. A temporary duo- 
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denal fistula developed, and in two of these cases, subhepatic and pelvic exu- 
dates resulted, which subsided spontaneously. 

Four patients in the gastrectomy-vagotomy group complained of substernal 
pressure and pain on swallowing which occurred in general about the second 
postoperative week and lasted for about ten days. It was assumed that this 
was caused by the reaction to mobilization of the mediastinal esophagus. 

Gastric secretion studies before and after subtotal gastrectomy for duodenal 
ulcer have been previously reported by Winkelstein^' ^ of this clinic. (Table 11.) 
Postoperative secretion studies in the present gastrectomy series were not 
routinely performed. 

Preoperative gastric secretion studies in the gastrectomy-vagotomy group 
revealed the usual hvpcrchlorhydria found in duodenal ulcer patients. The 
postoperative secretion studies in 39 of the 45 patients in the gastrectomy- 
vagotomy group arc summarized in Table III. 

Taiu.k II. — Postoperative Secrctiou Studies After 

Subtotal Gastreetoiiiy (ll'iukelstcin) 

'So. oi Frccncid Percent 


Test Case.s Anacul Present .Achlorhydria 

Giucl 85 47 38 55 

Xight 21 14 7 67 

lliMamine 31 13 18 42 


Tabu-: III. — Postoperative Secretion Studies 


(Gastrcctomy-P'agotoniy Group) 

No. of Free Acid Percent 

Test Cases Anacid Present Achlorhydria 

Gruel 12 12 0 100 

Night 20 19 1 95 

Histamine 28 21 7 75 

Insulin 24 20 (or negative) 4 (positive) 83 


Table IV. — Symptomatology 4 to 28 months postoperatively 

Subtotal Gastrectomy- 

Gastrectomy Vagotomy 

(46 cases) (40 cases) 


Pain 3 2 

Bleeding 1 0 

Vomiting S 2 

Diarrhea 1 S 

Dumping 0 1 


A comparison of the results of the secretion studies following subtotal 
gastrectomy reported by Winkelstein with those of the present gastrectomy- 
vagotomy group reveals a decided increase in the percentage of postoperative 
achlorhydria. 

Despite the small number of patients tested by the gruel Rehfuss, the 
difference between the percentage of achlorhydrias (Table II and III) is large 
enough to be considered significant. The gruel test stimulates both the psychic 
and chemical phases of gastric secretion. After subtotal gastrectomy alone, 
55 per cent of the cases were anacid to gruel. The addition of vagotomy pro- 
duced an achlorhydria in all 12 patients examined. The number of patients 
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tested by the gruel Rehfuss was small, inasmuch as this test was not done 
upon patients anacid to histamine. 

The night secretion studies in the gastrectomy-vagotomy group revealed 
achlorhydria in 19 of the 20 patients tested, as compared to 14 of 21 following 
subtotal gastrectomy. It is significant that the one patient in whom free acid 
was present in the night secretion gave a hospital insulin test indicating incom- 
plete vagotomy. Postoperative night secretion studies in both these groups 
reveal an essential difference from those in which vagotomy was employed 
as a sole procedure. In the latter, the night secretion was definitely diminished 
both as to volume and acid concentration, but achlorhydria was rarely obtained. 

It is difficult to explain the increased incidence of histamine achlorhydria 
following the combined procedure when compared to gastrectomy alone, since 
histamine stimulates directly the acid secreting cells. This problem awaits 
further investigation. The interpretation of the insulin response will be the 
subject of a future communication. 

Although these acid secretion studies are based on a small number of cases, 
they indicate that the addition of bilateral infradiaphragmatic vagotomy to sub- 
total gastrectomy produces a higher percentage of achlorhjrdrias than has 

Table V . — Early Fallozv-Up Results — 4 months to 28 months 



Gastrectomy 

Gastrectomy- 
^Vagotomy 


No. of 
Cases 

% 

No. of 
Cases 

% 

Well 

38 

83% 

34 

85% 

Improved 

. 7 

1S% 

6 

15% 

Unimproved (jeju- 
nal ulcer) 

.. 1 

2% 

0 

0% 


— 

— 

— 




46 

100% 

40 

100% 


Ijeen attained by any other medical or surgical therapy. It must be remem- 
bered, however, that many of these test meals were performed soon after 
operation and it is possible that there may be significant changes in subse- 
quent studies. 

In the evaluation of follow-up results, it is important not only to establish 
the presence or absence of jejunal ulceration, but also to determine’ whether 
there are any distressing symptoms attributable to altered gastric function. 
Eighty-six patients were personally interviewed four to 28 months after opera- 
tion. They were specifically questioned about pain, bleeding, vomiting, diarrhea 
and evidences of the dumping syndrome. In the few cases in which these 
symptoms were present, they were usually mild. 

Most patients in both groups experienced some post prandial fulness or 
distress for a short period after operation. However, this was mild and tran- 
sient. Two patients in each group complained of pain characterized by fulness, 
epigastric oppression, and occasionally cramps. In addition, one had typical 
ulcer pain, which was accompanied by bleeding 1 1 months after subtotal gas- 
trectomy without vagotomy. He was treated conservatively for a jejunal 
ulcer, and for the past few months has been well. 
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Comparison discloses that occasional vomiting was more frequent in the 
gastrectomy group and a mild diarrhea more common in the gastrectomy- 
vagotomy group. An interesting finding in the latter group was the frequent 
relief of habitual constipation. 

The dumping syndrome was seen in only one patient in this series. This 
occurred after subtotal gastrectomy with vagotomy. The symptoms, however, 
have become progressively milder during the past year. 

On the basis of follow-up observations, these patients were classified as 
well, improved or unimproved. (Table V.) In the gastrectomy group, in 
which 46 patients were followed, 38 were well, seven were considered im- 
proved but not entirely well because of the presence of one or more of the 
symptoms previously described. The one patient who developed a jejunal 
ulcer was considered unimproved. 

In the gastrectomy-vagotomy group, 40 cases were followed ; 34 were well 
and six were improved. 


DISCUSSION 

The addition of infradiaphragmatic vagotomy to subtotal gastrectomy in 
this group of patients has not caused any mortality but has added to the imme- 
diate postoperative morbidity. The reaction to operation was somewhat more 
severe, and the pulmonary complications were more frequent. While gastric 
atony is a common complication after vagotomy alone, its effects are minimal 
when subtotal gastrectomy is performed simultaneously. Gastric retention 
and postoperative vomiting were infrequent and mild in both groups. Severe 
diarrhea was not seen in this series, and a mild diarrhea occurred with the 
same frequency in the two groups during the early postoperative period. Sub- 
sequently loose bowel movements were more common in the gastrectomy- 
vagotomy group. 

Abdominal distention was not seen frequently in either series, and could 
not in any case be attributable to the vagotomy. The substernal pain following 
infradiaphragmatic vagotomy occurred in four of the 46 cases and was nevei 
very disabling or prolonged. 

Acid secretion studies indicate that the combined procedure favors the 
production of an achlorhydria, the presence of which, in our experience, pre- 
cludes the development of recurrent ulcers. 

Follow-up studies have revealed that the differences in symptomatology 
in the two groups were not significant. One jejunal ulcer was diagnosed 
clinically in the gastrectomy series, but it is too early to draw conclusions 
regarding the ultimate recurrence rate in either group. 

SUMMARY 

1. Theoretically, subtotal gastrectomy with bilateral infradiaphragmatic 
vagotomy should diminish the incidence of jejunal ulcer. 

2, The addition of vagotomy to subtotal gastrectomy in this series did not 
cause any mortality. 
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3. The combined operation resulted in an increase in the immediate post- 
operative morbidity. 

4. The disabling symptoms of gastric atony commonly seen after vagotomy 
alone were not present when the combined operation was used. 

5. There is a higher percentage of achlorhydrias following the combined 
procedures than with subtotal gastrectomy. 

6. Future follow-up observations in these groups will determine whether 
subtotal gastrectomy combined with bilateral infradiaphragmatic vagotomy will 
lower the incidence of jejunal ulcer. 
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Discussion.~Dr. Lester R. Dragstedt, Chicago; I am somewhat surprised that 
Dr. Colp and his associates have apparently been unable to secure satisfactory results 
in the treatment of peptic ulcer by vagotomj' alone or by vagotomy combined with 
gastroenterostomy, in those cases that have obstruction at the pylorus. In our clinic 
this operation has made its way until at the present time all the surgeons in our hos- 
pital prefer the operation of vagotomy alone or vagotomy plus gastroenterostomy to 
subtotal resection. 

Up to this time a total of 430 of these operations have been performed and we are 
all agreed that the results are more satisfactory than we have seen from subtotal 
gastrectom}. It would seem to me that a combination of the two procedures is un- 
warranted at the present time. I feel certain that a large number of patients will lose 
an important digestive organ unnecessarily. The great majority of these patients can 
be cured, and will stay cured for a long period of time, if vagotomy alone is done. 
It is true that postoperative management is a little more difficult with vagotomy alone 
than if the operation is combined with gastroenterostomy. That is due to the neces- 
sity for controlling the postoperative decrease in tonus and motility of the stomach. 
In our clinic, however, we are successful in doing this, and at the present time we 
have no difficulty on this score. 

I should like to recommend that greater attention be paid to postoperative man- 
agement when vagotomy is done, and to remind you that the results now secured in 
llie treatment of peptic ulcer by subtotal gastrectomy are much better than when this 
o])Cration was first introduced, before surgeons had become well acquainted with the 
technic of the procedure and the technic of postoperative management. 

Dr. Owex H. Waxgexsteex, l^L'nneapolis : I should like to speak of a new in- 
dication for gastric resection for ulcer disease. Before doing so, however, I wish to 
comment briefly on one item in this discussion, viz., the value of vagotomy as an 
auxiliary procedure in an operation which of itself is not adequate to thwart the threat 
of recurrent ulcer. Accumulating evidence suggests that a vagotomy must be com- 
plete, as Dr. Dragstedt has suggested, or there will be no effect from the vagotomy. 
Moreover, a complete \-ngotom.v, even in experienced and practiced hands, appears to 
be difficult to achieve consistently. Vagotomy docs provide definite protection against 
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ulcer botli in patients and against the iiistaminc provoked ulcer in the dog. Dr. 
Dragstedt ascribes this protection to reduction of gastric acidity; my associates and I 
arc inclined to believe from our studies concerning the nature of the protection ob- 
tained by vagotomy against the histamine provoked ulcer in dogs, that it is owing 
largely to dclaj* in gastric emptying. In other words, converting the human or the 
dog’s stomach into a rabbit-type of stomach, in which food is always present, in itself 
affords considerable protection against ulcer. When, however, gastrojejunostomy or a 
small gastric resection is added (25 to 33 per cent), the protective action of the 
vagotomy against the histamine provoked ulcer seems to disappear. It is unfortunate 
that we do not have a critical objective test against which the protective action of 
\'agotomy' can be assessed. The resolution of the efficacy of an operation by clinical 
trial is not a promising prospect; witness liow long it took us to decide that gastro- 
jejunostomy was an unsatisfactory operation for ulcei. 

In the first Book of Samuel, we read of Saul, who went in search of his father’s 
asses and found himself a king. Now there are those who profess to go in quest of a 
king and find asses instead. In “The Three Princes of Serendip" Horace Walpole in- 
vents the designation serendipity to indicate finding something not sought after. Such 
is the nature of the windfall which befell me when I undertook on the first Sunday in 
September, 1939, to do an emergency gastric resection for a patient with massive 
hemorrhage from a bleeding duodenal ulcer. The patient had been dilated more than 
100 times for a coincidental esophageal stricture by Dr. N. Logan Leven of our De- 
partment of Surgery. We had expected fully to have to continue dilating the patient’s 
esophagus interminably, but much to our amazement, it soon became apparent that 
no further dilatations were necessary. In the intervening nine years, gastric resection 
has now been done in six such cases with startling results. One of these is a recent 
patient who carried a gastrostomy for eight years because he could not swallow his 
saliva. He too had a coincidental duodenal ulcei. A year has intervened now since 
gastric resection was done in a boy aged 17, for a stricture of unkno\vn origin begin- 
ning in the mid-esophagus. He has remained well and swallows solid food of every 
kind. Prior to operation he could swallow onl}' liquids. In another patient with a 
congenitall}’’ short esophagus and a corkscrew like stricture of the lower esophagus, 
four years have elapsed since gastric resection was undertaken. She too had sub- 
mitted to appro.ximately 100 dilatations of the esophagus prior to operation. Two 
dilatations were done during the early months of convalescence and more have been 
necessary since. 

These patients usually have a good deal of free Hcl in their gastric secretion. 
Moreover, Dr. Leven and I are inclined to believe, in consequence of this experience, 
that esophagitis or esophageal stricture is essentially a manifestation of ulcer disease. 
Moreover, the squamous epithelium of the esophagus is more susceptible to injury by 
the acid-peptic digestive juice than is the gastric mucosa. Duodenal ulcer is the most 
frequent variety of ulcer— only because the duodenum is the sole exit for the gastric 
contents. If the esophagus were the exit for the stomach, rather than the duodenum, 
every person probably would have esophagitis or acid-peptic ulcer of the esophagus 
because of the low threshold of resistance of the esophagus to digestion by the gastric 
juice. Both in the rat and in the pig, in which animals there is a ring of squamous 
epithelium in the stomach about the esophageal aperture, when histamine is given, 
ulcers occur regularly in the proventriculus (area having esophageal epithelium) and 
not in the glandular portion of the stomach. 

An undisciplined imagination may be as dangerous as a roving eye. Nevertheless, 
it is difficult to escape the impression that cardiospasm and eye strictures too may be 
kept active by the regurgitation of the irritating a; id-peptic digestive juice. In any 
case, I feel justified in exploring the possibility. So far one patient with cardiospasm 
of long standing has been subjected to gastric resection and with considerable im- 
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provement. In any case, I feel justified in suggesting that esophagitis and esophageal 
stricture may be manifestations of ulcer disease and may be relieved by an effective 
gastric resection. 

Dr. Ralph Colp, New York (closing) : I want to thank Dr. Dragstedt and Dr. 
Wangensteen for their discussion. Subtotal gastrectomy as the procedure of choice 
has been used in our clinic for about twenty-five years. We are satisfied with the pro- 
cedure. What worries us is the incidence of recurrent jejunal ulceration. As you 
know, we have the class of patient who has been subject to stress and strain, and 
therefore if we could eliminate the psychic phase of gastric secretion by infradiaphrag- 
matic vagotomy, we thought perhaps we might diminish the incidence of jejunal ul- 
ceration by combining it with subtotal gastrectomy. We are rather reluctant to give 
up this procedure, although we know there kre innumerable clinics now which are per- 
forming vagotomy as a solitary procedure, or combined with gastroenterostomy. As 
a matter of fact, I think this question will be solved within a reasonable time, because 
at the last review made by the American Gastroenterological Association, there were 
about 8000 vagotomy cases already done. So that within a period of five or ten years 
it is possible that we will know whether this simpler procedure will cause us to dis- 
card subtotal gastrectomy. After all, none of the operations we are doing for ulcer are 
ideal. An ulcer of the stomach is in the same category as subtotal thyroidectomy for 
hyperthyroidism. If the secretion of acid — ^which is certainly a potent factor in the 
genesis of ulcer but not the sole cause (because there are innumerable patients with 
hyperacidity who never develop an ulcer) — could be controlled medically, all these pro- 
cedures we are doing at present will probably go into the discard. 
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MR. CLARENCE \V. MATTSON, AND A GIFT FROM MR. HARRY DICKERMAN. 

I. INTRODUCTION 

As ONE OF US REPORTED three years ago/ a study of experience with 
idiopathic ulcerative colitis at the University of Minnesota Hospitals for the 
10 years ending January 1, 1944, revealed that the 57 patients treated 
expectantly and nonsurgically throughout, or until the situation had deterio- 
rated to a point at which the outcome was hopeless before involving surgery, 
suffered a 28 per cent hospital mortalit3^ On the other hand, the 25 subjected 
to elective ileostomy at a time when there was a reasonable choice suffered an 
8 per cent mortality. Follow-up studies are incomplete, but show that more 
than half the survivors of expectant therap}^ from 1934 to 1936 were dead in 
1946, while the great majorit}" of those subjected to ileostomy in the ten-year 
period were living and well. Cancer in the remaining colon took a high 
enough toll to establish a policy of subsequent colectomy in all who needed 
ileostomy/ 

In the period from 1944 to the fall of 1946, nearly all patients with 
ulcerative colitis were subjected to surgery, the hospital mortality remained 
below 10 per cent, and most patients returned to a nearly normal life. The 
utilization of a program of ileostomy, followed by colectomy with or without 
ileoproctostomy, thus was successful in terms of survival. On the other hand, it 
suffered from many disquieting facts. It was a confession of defeat in that 
nothing was done to salvage the diseased bowel, relying on removal of this 
bowel instead. It inflicted radical and somewhat deforming surgery on patients 
usually already somewhat emotionally unstable. It was not entirely free of 
annoying complications such as skin erosion and ascending ileitis. There was 
also the occasional catastrophe, no less disturbing because several occurred 
before surgery. 

The need for a therapeutic method which might salvage the colon and 
avoid the extensive surgery was obvious. As recounted elsewhere, various 
members of the University Hospitals Staff have employed folic acid,^ tetra- 
ethyl ammonium bromide,^ and propyl thiouracil as suggested by Laurence 
Martin.^ Employment of sulfathaladine ® and of oral streptomycin seemed 
only rarely to help. 

Employment of division of the vagus nerves was precipitated by a 20-year- 
old girl who had previously had all her colon and 5/6 of her ileum removed 

*Read before the American Surgical Association, Quebec City, Quebec, May 28, 
1948. 


479 



DENNIS, EDDY, FRYKMAN, McCARTHY AND WESTOVER 


for colitis and ascending enteritis. Severe involvement of the remaining bowel 
failed to respond to all known conservative measures. Vagotomy was per- 
formed in October, 1946, at the suggestion of Dr. C. J. Watson of the 
Department of Medicine at the University of Minnesota. This procedure plus 
revision of ileostomy resulted in striking improvement. Other procedures 
have been required, but the patient maintains her weight and fair health at the 
present writing. 

This result prompted us to employ vagotomy in four patients without other 
surgical therapy, all with mild disease, and to follow the group for six months 
before making the decision to use the procedure more extensively. At the end 
of this period, three of these patients presented normal proctoscopic findings, 
and the fourth was reported as “healed ulcerative colitis.” All four had formed 
stools not oftener than twice a day.'^ 

II. PLAN OF STUDY 

A more extensive study seemed imperative. The clinical studies were 
carried out by the present authors. Experimental animal work was performed 
by Lillihei, Dixon, Friesen, and Wangensteen, and is being separately reported 
by them.® 

The plan of clinical study was formulated in an effort to evaluate every 
factor which might give some clues as to the mechanism of the effect and as to 
the selection of those cases which might benefit most by the procedure. 

One week was employed for each series of studies. Such a series was 
prosecuted before surgery in those patients considered in condition to tolerate 
it, and again about a week after vagotomy. Patients were similarly re-studied 
every three months when possible until we were satisfied of the completeness 
of the division and the healing of the process. Thereafter patients have been 
seen less frequently, and the studies have been usually less varied. 

Each series of studies included proctoscopic and Roentgen barium enema 
examination, a three-day observation with recording of size, consistency, and 
frequency of stools, laboratory checks of stools, transit time through the 
intestinal tract as measured first by charcoal ingestion, and later by barium 
meal and close following fluoroscopically, electrocardiograms, triple histamine 
gastric analysis,® 12 hour overnight gastric collection,^® and Hollander insulin 
gastric analysis.^^ 

III. GENERAL MANAGEMENT OF PATIENTS 

Many of the patients came to the University Hospitals in deteriorated 
or critical condition. One was transferred in hepatic failure and died before 
surgery could be considered in spite of vigorous therapy by both the Medical 
and Surgical services. This patient is not included in the series. One refused 
surgery and died six weeks later elsewhere. Because of the small reserve of 
these patients emphasized by these cases, all in the series were carefully pre- 
pared before embarking on surgery. 

High caloric preparation is difficult in these cases, as increased feeding 
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has resulted in increased diarrhea, with water, salt, and protein loss. In many, 
therefore, preparation by the intravenous route has been necessary. Blood, 
plasma, and 10 to 20 per cent glucose solutions have been generously em- 
ployed. We have customarily added insulin directly to the 15 or 20 per cent 
glucose in the amount of one unit to four grams, a measure which usually 
keeps the urine sugar free and the blood level in a normal range. By the use 
of the polyethylene tubing recommended by Grindlay,’-- it has been possible 
to deliver these concentrated sugar solutions directly into the superior vena 
cava by inserting 40-50 cm. of tubing through the antecubital vein; such a 
combination permits administration of 400-500 Gm. of glucose per 24 hours, 
and the same tubing has been employed as long as two weeks. 

The employment of a long tube for suction in the terminal ileum has been 
employed several times in the past five years. It seems to have helped in 
preparation of some of the sickest cases, but unlike Grier Miller, we have 
not been successful in keeping the colitis quiet except by oral starvation in 
addition to low ileac suction. 

As previously reported, the early experience was that 30 per cent of 
patients with ulcerative colitis developed thrombosis or embolism in association 
with the performance of ileostomy ; the routine administration of a single oral 
dose of dicumarol the night before surgery, however, resulted in a series of 
20 consecutive cases with no thrombotic complications.^^ In the vagotomy 
series, after 20 cases without proplylaxis, embolus has occurred once. The 
patient recovered on anticoagulant therapy. The present plan, therefore, again 
calls for 200 mg. of dicumarol the night before surgery. 

In cases requiring extensive intravenous preparation, it is now the practice 
to add heparin prophylactically to the infusion at the rate of 30-40 mg. every 
four hours. 

The anesthesia to be employed is the choice of the anesthetist. We use 
extensively and with complete satisfaction a mixture of pentathol (25 mg/cc) 
and curare (five units/cc) intravenously, supplemented by a mixture of equal 
parts of nitrous oxide and oxygen by an intratracheal tube.^'’ The intravenous 
infusion is given either through the cubital or the external jugular vein ; the 
saphenous is never employed, for fear of thrombosis. 

Our vagotomies have usually been performed through an incision in the 
left anterior seventh intercostal space. At the beginning of the study, a seg- 
ment of the eighth rib was removed, but this resulted in excessive pain. The 
intercostal incision, with electrocoagulation of the exposed intercostal nerve, 
has left little postoperative discomfort.. Omission of all sutures in the inter- 
costal bundle seems also to have helped. Closure is accomplished with No. 2 
chromatic catgut encircling the seventh and eighth ribs, and precise fine silk 
(l}i lb. test) approximation of muscles and skin. 

We routinely infiltrate the mediastinum with 10 cc. one per cent procaine 
before working in that area, a procedure resulting from one occurrence of 
cardiac arrest. 
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Postoperatively, gastric suction is now employed for one to two days, 
food thereafter being taken for a few days only as the patient hungers for it. 
Ambulation begins the day after surgery. 

In seven patients, ileostomies had been performed in line with our former 
program, before vagotoni)' was employed. In one the ileostomy was closed at 
the same sitting, in another six weeks later. In the others it was learned that 
the ileostomy must be widely patent if static difficulties are to be avoided, as 
an intestine capable of overcoming moderate stenosis at an ileostomy becomes 
unable to do so following division of the vagi. One ileostomy made after 
vagotomy, with this in mind, has given no static difficulties. 

It has been observed in several patients that the days immediatel}'’ follow- 
ing vagotomy are marred by a profuse secretion of thin fluid from the intestine. 
This is not a serious problem except in the presence of a high ileostomy. In 
such cases the ileostomy drainage may exceed ten liters a day for several days. 
A sharp watch must be kept daily on serum sodium, potassium, and chloride 
levels, on the carbon dioxide combining power, and on the weight of the 
patient, and aberrations must be appropriately corrected at once. It is best 
to permit only soft or solid food by mouth, and to supply the fluid replacement 
only by the intravenous route. 

IV. CLINICAL RESULTS OF VAGOTOMY 

As reorted in the preliminary papers,'*’- most of the clinical results have 
been very encouraging, as the following case summaries indicate : 

Case 1. A 23-year-old University student (777589) was admitted May 1, 1947, 
because of acute onset of abdominal pain. There was a bistory of resection of the terminal 
ileum and colon to the apex of the sigmoid and ileosigmoidostomy as a staged procedure 
three years earlier. He had been well in the interval, having two to three stools daily. 
Examination showed a very active proctitis and sigmoid colitis, a tender, spastic 
abdomen, a temperature varying from 100° to 104° F. Perforation of the remaining 
sigmoid colon seemed most likely on the basis of ausculatory and Roentgen findings. 
A long Wildi’^ tube was placed in the small bowel, and penicillin, streptomycin, blood, and 
glucose were appropriately given. He was explored May 4, it being felt the perforation 
should have sealed in that time. In addition to the matted fresh adhesions and violent 
peritoneal reaction anticipated, the top two feet of the eight feet of free small bowel was 
found to be involved in a severe inflammatory process interpreted as regional enteritis. 
A double barreled ileostomy was done as low as possible. 

His course thereafter was gratifjdng, and he went home May 22. Readmitted June 10 
with dysfunction of the ileostomy and cramps which led to a diagnosis of extensive 
enteritis above the ileostomy. Proctoscopy showed almost complete healing, especially 
in the rectum. He was starved by. mouth and fed formula into the distal ileostomy in 
preparation for surgery. On June 26 a transthoracic vagotomy was done, and at the 
same sitting the ileostomy and enough bowel to confirm the diagnosis were resected, 
and end-to-end anostomosis was done in thickened, angry looking ileum. The postoperative 
course was uneventful except for recurring pneumothorax which required repeated 
aspiration. Dismissed JuR- 11, the patient gained 12 pounds the first week at home, 30 
pounds the first month. He has remained well, has married, and works as an engineer 
six days a week. He has two small stools a day more formed than at any time since 
onset of his colitis. 
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Case 2. A six-ycar-oId hoy (7M-I87), with a Icii nioiitli story of bloody diarrlica, 
was admitted IT'bniary 26, HM6. After diaf^nostir studies, a siu^^Ic barreled ileostomy 
was performed Mareli 7. About 10 days later be developed evidence of dysfunction 
of the ileostomy in association with a Ilare-ui) of disebarpe from tbe colon. After a long 
try with conservative metbods, be was re-e.xplored Ajiril 30 and adbesions of omentum 
and ileum to transverse colon were freed, relieving ileac obstruction close to tbe ileostomy. 
Furtber trouble with tbe ileostomy led to resection of tbe ileostomy and 33 cm. of ileum, 
with a pathological diagnosis of ulcerative ileitis. Because of persistent active proctitis 
be was vagotomized on .August 21, 19-17. Repeat ju'octoscopic e.xaminatiou on September 
16, 1947, showed total absence of the gi'anularity, friability, and bleeding seen four weeks 
earlier, and the mucosa was <Iescribed as normal. The ileostomy was closed September 18. 
This patient has gained weight and strength, goes to school without limitations of diet 
or activities, and has one or two formed stools daily. Proctoscopic e.vamination March S, 
1948, showed normal hfiwel. Miscroscopic e.vaniination of the stool shows no pus, and 
there is a trace of blood on the benzidine test. 

Case 3, 19-year-oId hoy (78I5I0) was transferred fi'om another hospital on 
September 2, 1947, with a si.\-week story of high fever, abdominal cramps, and diarrhea 
running to 12 stools a day. He weighed 112 pounds, in contrast to his usual weight of 
152 pounds one year before. He was emaciated hut had been freeh’ transfused. Films from 
the other hospital showed diffuse acute enterocolitis, witli classical “string sign” in 
several places trom jejunum to colon as well as colitis. Oral feeding seemed out of the 
question; after two days of 15 per cent glucose and blood by vein, a transthoracic vagotomy 
was done. Penicilin and streptomycin were given the first few days. The patient had no 
stools the first four days after operation, and was given mineral oil, following which liquid 
stools appeared until September 14. when foi'med stools appeai'cd. He lias had one or 
two formed stools a day since that time, c.xcept for three occasions of one day of diarrhea. 
He gained 35 pounds in the first tlu'ee months and is again a student at the University. 

Despite such stril<ing cases the vagaries of idiopathic colitis cause us to 
draw conclusions only with nii.sgivings. 'J'hat many other factors than the 
division of the vagi may have played a part in our results can be emphasized 
by one case ; 


Case 4. A 47-ycar-oId woman (77S555) was admitted fi'om another hospital on 
wbruary 14, 1948. She had had mucous colitis for 20 years, with superimposed acute 
u cerative colitis of two months’ duration, diagnosed proctoscojjically, which had depleted 
ler hemoglobin and serum jji'otciu stores. Oral feeding was totally inadequate and tube 
ee mg not tolerated. A polyethylene tube was jjlaccd on February 22 into tiie superior 
vena cava through the right antecubital vein, through which one liter of 20 per cent 
g ucose covered by insulin was given dail}'. Blood and plasma were given in other veins, 
c de\ eloped recurrent deep femoral thrombophlebitis which was treated by heparin, 
le took no food by mouth until after removal of the polythene tube on February 28. 
le regained strength rapidly in the ne.xt few days. Proctoscopy on March 3, 1948 
"c normal mucosa. The patient has had one formed stool a day since that time, 
'vas -not done because of a left eventration of the diaphragm, deep phlebitis, 
complete anatomical recovery from her only attack, which had been heralded by 
ex r^c emotional strain not likely to recur. 

1 deaths in the group of patients for whom vagotomy 

a een planned or was actually performed. The first occurred in a woman 
vio was admitted in acute hepatic failure and who died in coma despite our 
had^'h^ P^*^pare her for surgery. The second was a 32-year-old patient who 

astin r ^iid ileosigmoidostomy four years earlier. As the medi- 

as ma pleura w^as being opened to perform vagotomy for recurrent proctitis. 
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cardiac arrest occurred. It was converted to fibrillation under massage and 
then to normal rhythm by intraventricular procaine injection. The vagi were 
not divided. She died, apparently of ventricular fibrillation, eight days later. 

Our third death occurred as follows ; 

Case 5. A 32-year-old housewife (UH 776892) has ileostomy performed on 4/21/47 
as a desperate final gesture for a very active generalized colitis. She had- had elective 
gynecologic surgery elsewhere eight months earlier despite the colitis. Following ileostomy 
she regained strength and was allowed to go home. She returned on 10/9/47 with 
abdominal cramps and profuse bloody purulent drainage from the rectum. Transthoracic 
vagotomy was done 10/28/47. She did not respond well, although the rectal drainage did 
decrease. Gradual decline followed, and she died in hepatic failure, l/lS/48. Autopsy 
showed remains of a very old abscess involving the sigmoid colon and three segments of 
ileum proximal to the ileostomy, with a large fistula into each, and acute liver atrophy. 
The fistulas were thought to antedate ileostomy. 

This woman might not have died if we had attacked the bowel when 
her condition was fair. Although one barium enema examihation has been 
since re-interpreted to show an ileosigmoid fistula, this situation was not 
recognized during life, as it might have been if we had not employed trans- 
thoracic vagotomy. 

Our fourth death appears to have occurred from other causes : 

Case 6. A 27-year-old man (UH 780469) was admitted 8/12/47 with a seven year 
history of colitis. His home physician had already performed ileostomy and colectomy, 
leaving a rectum which was involved with active proctitis. His course had been com- 
plicated by repeated bouts of ileac obstruction for which he had had two explorations 
with enterolysis. The patient had a burning desire to have the ileostomy closed, and 
vagotomy was hesitantly suggested and accepted only because it offered some hope in this 
direction. We considered combining enterolysis, revision of the ileostomy, and subdia- 
phragmatic vagotomy, but there were numerous stitch abscesses in the several abdominal 
scars. After transthoracic vagotomy, the rectum showed some improvement before dis- 
missal. The patient refused to return for follow-up because of resentment against use of 
gastric analyses. Recurrent bouts of obstruction occurred some months later. A strangu- 
lation obstruction was surgically relieved by the home physician on one occasion. He 
died following another exploration for recurrent obstruction at a third hospital in April, 
1947. The rectal discharge is reported by his home physician to have decreased consider 
ably in the last few months. 

Twenty-eight cases comprise the series on whom vagotomy has been per- 
formed. Two were done through abdominal incisions, one to exclude the 
diagnosis of carcinoma of the sigmoid colon after barium could not be pushed 
past this point, the other because of an old subscapular abscess. The others 
have been done transthoracically to avoid all possible manipulation of the 
colon. One patient had had only a functional diarrhea (12x daily) for four 
years without demonstrable pathologic changes. She has had an excellent 
result, now usually having one or two formed stools a day. Two vagotomies 
for colitis are too recent for full evaluation and are not included ; both show 
mucosal improvement. 

Therefore, 25 cases of vagotomy on patients with ulcerative colitis are 
available for follow-up consideration. In 16 of these, vagotomy was the only 
surgical procedure (see Table I). Six of these latter have become asympto- 
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matic, i.e., the}- have no more Ilian two stools a day, the stools are soft 
formed and free of gross hlood, pus. and mucus, and they have no gastric 
distention or abdominal discomfort. 

Four of these 16 cases are not asymptomatic but arc improved; one 
of these is so listed because she was committed to a State PTospital and there 

TAni.r. I. — Clitu'cal lu'sttjls of I'anolowy ni Vlccraihc Colitis and Enteritis 

.•V'iympt. Improv. Not Iniprov. Worse 


VaRot. alone 6 -5 5 

Vap.ot. with ilcojt 

\'aEOt. with previous 

anr.‘tonio<i« 15 — Ifi — 


Tot.aU 10 7 fi 2 


• Ktqnilttl rnirrj;r!;cy ilcovtonn .iiti r liaiiini' ciunui tliiec nunitlis later. 

- One liail l»otli siKinniditis anil liifrli regional enteritis; the ileostomy was 
clr'cd at the -.01110 sitting. One had enteritis above the ileostomy. One hri<l 
hiph enteritis and proctitis; the ileostomy was closed in four weeks, at 
whieh time the rectum had healed. 

" Two had hiph enteritis; one proctitis. 

•* Hied at three months of mnltiplc fistuliration from hiph ileum to sipmoid 
thnnpht r,i autopsy to pre-date surgery. 

Massive hcmnrrhapc from enteritis above ilcoproctnstomy. 

Previous ileoanal "pull through” with diseased ileum. 

has been no success in gaining information as yet ; there had been reduction 
in stools in the first two weeks. This woman was seen in June, 1948, and is 
symptom free. .Another is continuing to improve, but the period of observa- 
tion is only nine weeks. A third is showing progressive roentgen-ray and 
clinical improvement at IS months; the proctoscopic appearance is normal. 
The fourth has had improvement in symptoms and loss of most of the in- 
flammatory polyps in the colon, but still has occasional days with as many as 
four stools. 

The disease may be classified according to the type of involvement. As 
Bargen has pointed out, there may be maximal involvement in the rectum 
with apparent spread from this area to the rest of the colon, and perhaps to 

Table II. — Type and Extent of Disease in Patients Subjected to Vagotomy 

Universal Colitis Regional Colitis 

Number of Percent Number of Percent 

Cases Improved Cases Improved 


Ileum involved 10 70 4 

Ileum free 10 60 1 


the ileum, the universal type, or the segmental or regional types of colitis or 
enterocolitis, of which regional enteritis is a sample. Twenty of the 25 cases 
were universal in type, and about half of all the cases had ileac involvement. 
There seemed to be no definite relation between the type and extent of disease 
to the response to vagotomy (Table 2). 

Five of the cases subjected to vagotomy alone are unimproved. One 
12-year-old boy had endameba histolytica in the stool ; he has two to three 
stools a day when he can be kept from popcorn and peanuts. Another is an 
extremely uncooperative and high-strung boy of 17 who came with 18 stools 
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a day and is now down to nine; he is listed as improved but has refused to 
return for evaluation. Two patients were well for many months only to suffer 
a recurrence of diarrhea. 

One patient who had vagotomy performed to control massive bleeding 
progressed well for three months onl}'^ to suffer recurrent activation i-equiring 
emergency ileostomy. 

Nine patients who had had ileostomy or some form of ileoproctostomy 
were subjected to vagotomy. This was done for relief of higher regional 
enteritis or ascending enteritis in five cases, for proctitis in one case, for 
recurrent colitis in one, for involvement jitst above a low ileoproctostomy in 
one, and for involvement of ileum previously used for an anal “pull through” 
in one. 

The last case mentioned is unimproved ; he still presents actively diseased 
ileum on proctoscopy, although the stools are nine instead of 15 to 18 daily. 
The one who had vagotomy for an exacerbation after ileostomy is the third 
death listed above. 

Three of our patients have stiffered recurrent bouts after vagotomy. 

Case 7. A 47-year-old woman (620076), with colitis dating from 1933, came to us 
December 5, 1946. She had had spells of diarrhea and cramps twice a year for years, 
with vomiting and distention. These bouts lasted two or three days, but distention and 
abdominal discomfort were never entirely absent. Proctoscopic e.xamination showed 
moderate low-grade involvement most marked in the rectum. Barium enema showed 
nothing abnormal except some mucosal changes in the low sigmoid. Following vagotomy 
she suffered diarrhea for a few days, then enjoyed normal bowel function and presented 
a normal proctoscopic picture until May, 1948, when she developed two or three stools a 
day, liquid half the time. No abdominal discomfort was noted. No gross blood or pus 
was seen in the stool. Proctoscopic examination shows only very slight hyperemia. 
Barium enema shows only the slight, atony usually seen after vagotomy. Bland diet 
suggested. 

Case 8. A 32-year-old woman (782759), with colitis the preceding two years, was 
admitted October 28, 1947, because of massive hemorrhage and shock. This was treated 
expectantly and subsided. There were then two to four liquid to soft stools daily. Study 
showed involvement of the rectal mucosa of moderate degree, and loss of haustration of the 
entire colon. After vagotomy her stools returned to normal consistency and once daily, 
and the proctoscopic appearance became almost normal. Follow-up studies in early 
March, 1948, showed active disease in the rectum. Unfortunately a barium enema was 
performed at this time. A severe exacerbation occurred during which the situation became 
so critical that an emergency ileostomy was performed. Recovery thereafter was slow, 
but progressive. 

Case 9. A 56-year-old woman (670169), with colitis dating from 1933, came to us 
September 21, 1947. She had had two to three formed or liquid stools daily for years. 
She had been subject to severe bouts of bloody diarrhea and abdominal cramps and fever, 
coming in the early summer each year. She presented an active proctititis with pus and 
mucus present. Roentgen study showed moderate colitis and low ileitis. After vagotomy 
she slowly improved, and in December, 1947, was having one formed stool a da 3 % presented 
a normal roentgen study on the colon and much improved proctoscopic appearance. About 
Iklarch 15, 1948, she began to have four to five liquid stools a day, with extreme urgency. 
This bout is less severe than before vagotomy, and is not accompanied by abdominal dis- 
comfort. Examination Afaj' 18. 1948, shows active ulcerative colitis involving the upper 
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Plate L — Photogi'aplis of the rectosigmoid mucosa in ulcerative colitis. 

A. Same patient as Figure i, before surgery. 

B. Same patient six weeks after vagotomy. 

C. Patient 784756, a 17-year-old girl with a two-j'-ear history of colitis, before surgery. 

D. Same as C, three months after vagotomy. The patient had gained 30 pounds. 
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rccUtni and lower sigmoid. The patient was sjanjitom free and the protoscopic appear- 
ance normal in July. 

IVciglil. The average weight gain from the time of vagotomy to the pres- 
ent is 15 per cent. One of those gaining best is classed for other reasons as 
iinim])roved. Maximal weigiit gain occurred in a 24-year-old boy with a 
seven-year history of colitis and a veiw sj)astic, rigid colon. His weight rose 
from 39 Kg. to 64 Kg. in the three months after vagotomy. He is asymptomatic. 

Proctoscopic changes. Procto.scopic ciianges could be evaluated in 20 cases. 
In four there were no abnormalities here at any time. In four more, an actively 
diseased mucosa has assumed a normal appearance. In seven there is definite 
improvement without comjdetc healing. In two, definite disease in the rectal 
mucosa has remained unaltered. In three cases the mucosa looks more diseased 
than before vagotomy: two of these arc in exacerbations occurring after the 
procedure. 

The majority of tlvjse patients who had diseased rectums present at exami- 
nation have shown definite improvement in the j^roctoscopic appearance within 
two weeks after vagotomy. In tnost, this im])rovement continued over a 
period of months, being particularly .slow in those with long-standing colitis 
or with marked fibrosis. 

Some of these changes were very striking, as shown in Plate I. 

Roentgen changes. In all but one of those cases in which abnormal roent- 
gen findings were present initially and in which serial barium enema roentgen 
studies were possible, impro\-ement followed vagotomy. There was only one 
instance in which the aj)])earance returned entirely to normal ; this patient 
(670169) developed an exacerbation six months after vagotomy. In one case, 
spasm appeared to be more marked in the colon after vagotomy than before 
(782759). This patient later suffered an exacerbation also. 

In general, improvement has been progressive to such a degree that a 
status approaching normal is ultimately to be anticipated. Such a change is 
indicated in the roentgenograms of Figure 1. 

There was throughout the series a tendency toward less spa.sm after divi- 
sion of the vagi. This tendency was also observed in a group of patients 
vagotomized for duodenal ulcer at the Minneapolis General Hospital. 

Stool studies. Stool studies have included repeated search for endameha 
histolytica, pus, and mucus by the microscope, and for blood by the benzidine 
and guaiac tests. Blood, pus, and mucus have been found with less frequency 
after vagotomy in half the cases, but there are none free of all these constitu- 
ents. Absence of gross blood, pus, and mucus has seemed usually to follow 
operation. 

Retention. Gastric retention required later gastroenterostomy in one case. 
One or two others complained of bloating and sour eructation for a short 
time onl3^ 

V. RESULTS OF SPECIAL STUDIES 

Gastric acids. Triple histamine (Lannin) analyses were changed by 
vagotomy more than expected on the basis of the studies of others.^®’ in 
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Fig. 1. — Barium enema Roentgenograms of case 784831 — an 18-year-old boy with a 
three-year history of colitis, (a.) Filled colon prior to surgery, (b.) Evacuation film 
prior to surgery. 
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Fig. 1. — (c ) Filled colon eight weeks after vagotomy, (d.) Evacuation film after 
vagotomj'. — Note decrease in spasm and return of haustral and mucosal markings 
The patient had gained tiventy pounds in this period. 
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that three patients became totall}’’ achlorhydric. Other than these, there was 
little change except for a moderate tendency to reduction in the free acid 
response. 

Our results with the 12-hour overnight collection used by Dragstedt sug- 
gests that the large preoperative volumes seen by him were related to the 
gastroduodenal ulcer picture. The mean preoperative volume was 440 cc., 
with no free acid in two-thirds of the cases. The mean postoperative value 
was 210 cc. with no free acid in a slightly higher fraction. 

The Hollander insulin gastric analysis was performed by giving one-half 
unit of insulin per kilogram of bod}’’ weight subcutaneously, collecting gastric 
juice continuously for two hours, with separation into 15-minute samples. 
The test was accepted as implying complete division only if there was no rise 
in free acid with a blood sugar level below 45 mg. per cent. In most instances 
this was performed two or more times in the postoperative period, and all tests 
were satisfactory before division of the vagi was considered complete. 

The first patient presented evidence of incomplete division, and had the 
rest of the fibers divided at a second procedure. This did not seem further to 
improve her .status. 

Three other patients present unsatisfactory evidence of complete division 
in that there is an acid response to the insulin test. One had very minimal 
universal colitis and has been followed for 16 months. Two had regional 
enterocolitis (one a classical regional enteritis involving high ileum, jejunum, 
and duodenum, as well as sigmoid). All three are totally asymptomatic. Each 
of the patients suffering recurrent bouts of colitis presents insulin test evidence 
of complete division of the vagi (two on one test only, as yet). 

Transit times. The time required for transit of material through the intes- 
tinal tract has been broken down insofar as possible. It is now common knowl- 
edge that there is delay in gastric emptying after vagotomy. An attempt was 
made to determine whether or not there is a retardation in transit through the 
small intestine and the colon in these cases. 

To study the small intestine, the moment of entry of barium into the duo- 
denum was noted as often as possible in gastro-intestinal stasis studies.* 
Fluoroscopic follow-up studies were so spaced as to try to estimate the time 
of entry into the cecum. In only eight cases was it possible to time these 
occurrences both before and after vagotomy. The mean small bowel passage 
time was 3.5 hours before operation and 7.5 hours afterward. In no instance 
did passage fail to be slowed after surgery. 

It is recognized that slower emptying of the stomach ma}'- contribute to 
this lessening of speed of passage in the small bowel. As a means of evaluating 
the intrinsic activity of the ileum, long nasal tubes were passed into the ileum 
for recording of activity by balloon and tambour. In view of our total failure 
to pass such a tube out of the stomach after vagotomy, it was left in during 

=''The authors wish to express their profound gratitude to Dr. L. G. Rigler and his 
staff for their patient cooperation in the frequently exasperating studies entailed. 
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the procedure and convalescence for the purpose of repeating the studies after 
vagotomy. The results are not entirely conclusive as yet, but such observations 
as have been made suggest reduced tone and activity after section of the vagi. 

Transit through the colon was more difficult to evaluate, and in only three 
instances was it possible to time arrival at cecum and rectum both before and 
after surgery. The mean colon transit time before vagotomy was 3.1 hours, 
afterward it was 11.3 hours. 

An effort was made to judge intestinal activity by checking the time 
required to pass six Gm. of charcoal taken orally at 6 P.M. There were 
14 cases without ileostomy or resection in which comparisons were made. 
The relative infrequency of stools in the postoperative observation in most 
patients distorts the picture in one direction, and the occasional profuse secre- 
tion in the other. The means were 18 hours before and 23.3 hours after 
vagotomy. 

Electrocardiographic observations. At first it was thought that persistent 
changes followed vagotomy, but these appear to be no more common after 
this than after other procedures. 

Laboratory observations. With the observation of striking improvement 
in the first cases, Lillehei, Dixon, Friesen, and Wangensteen^® directed the 
experiments they had already been performing on the origins of colitis toward 
the possible role of autonomic innervation. They confirmed Lium’s^” finding 
of usually fatal bloody purulent diarrhea in dogs after removal of the mesen- 
teric ganglia. They found, however, that this effect does not follow if vagotomy 
is done at the same sitting. 

Emotional changes and the rectal mucosa. Wolf and Andrus have reported 
that intense swelling and engorgement occur in the gastric mucosa of man in 
the course of strong emotional reactions, such as anger. They furthermore 
noted this reaction of the mucosa to be lost after division of the vagi. Holman 
has found that essentially the same responses to emotional reaction occur in the 
terminal ileum and cecum, and it occurred to us together that the same changes 
might be studied in the rectums of patients suffering from ulcerative colitis. 

That vagal influences upon the sigmoid and rectum exist would at first 
seem very unlikely. Degeneration studies after division of the vagi in experi- 
mental animals indicate that vagal fibers extend only to the midportion of 
the colon,-" and that division of fibers in the sacral outflow results in similar 
degeneration in nerves in the left colon. 

The finding of rapid rectal healing after vagotomy for ulcerative proctitis 
in a patient with ileostomy would suggest some more direct effect than change 
in the character of the contents coming from above. 

Experimental work by Almy and Tulin-® has shown that severe pain pro- 
duces increased motor activity in the rectum and that emotional responses 
produce in some normal people an engorgement of the mucosa and increased 
secretion. 

Thus far, two patients have been studied before and after vagotomy for 
colitis. 
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Case 10. .Al 30-ycar-oId liousewife (MGH 1478A-48) presented a seven-year history 
of colitis, and was admitted in February', 1948, because of an exacerbation and multiple 
huge abscesses on the back, buttock, and thigh. After drainage of these and dietary and 
general management, the colitis subsided. Proctoscopic examination, April 28, with the 
patient comfortable in the Sims position, showed only very minimal engorgement of the 
moderately granular mucosa when pain was ijroduced by probing and repacking the 
abscess pockets. Discussion of her sorest subject, prolonged separation from her 
children, resulted in an immediate tense engorgement of the mucosa, e.xcessive secretion 
of watery fluid, and in the sudden ai)pearancc of four or five superficial hemorrhages on 
the surface under observation. With change of the topic to other subjects, the engorge- 
ment disappeared almost as rapidly as it had come. 

This patient was re-examined in the same manner May 12, 1948, four days after 
subdiaphragmatic vagotomy. At this time there was a periodic color change not noted 
before vagotomy in this or other jiatients. Most of the time the mucosa was pale, but 
every three minutes it became pinker for minute, without engorgement Discussion 
of her children and her separation from them produced none of the pre-vagotomy engorge- 
ment, and, even on the disclosure to the patient that a large new abscess in the left 
buttock would require more surgery and a longer stay away from her children, there was 
no change. 

Case 11. .A. 19'year-old boy (MGH 3345 A-48) with a five-year history was similarly 
observed. ScVeral items of conversation were each found to be associated with visible 
emotional disturbance and engorgement of the mucosa. The changes were definite, but 
less striking than in the first patient. In discussing his relations with his sister, three 
superficial i)etcchial hemorrhages appeared in addition to engorgement. This patient had 
active ulceration present at this time. 

On May 17, 1948, five day's after vagotomy, the mucosa already looked paler, although 
it traumatized very easily. Review of the above topics of conversation produced no 
definite changes in vascularity or engorgement. We were not entirely satisfied that he 
had been as emotionally upset as the first patient or as before surgery. 

Five additional colitis patients have been examined in this fashion, but 
unfortunately the vagotomy had already been performed before such observa- 
tions were conceived. In three there was definitely no engorgement or color 
change on discussing subjects known to be very sensitive to the patients. In 
another there was one definite increase in color, not while on a sore subject 
and not associated with engorgement. In the fifth there was a periodic blush 
of the mucosa, unrelated in time to the subjects which bothered the patient. 

Two patients subjected to vagotomy for duodenal ulcer were similarly 
studied before and after surgeiy. Engorgement was minimal but definite on 
discussion of painful subjects before surgery, and absent afterward, although 
one of the patients showed a periodic pinking not correlated to conversation 
or pulse rate. 

These observations seem definite, even though we appreciate that most 
of these patients are much less tense and excitable after vagotomy than when 
they still had pain or other syauptoms of colitis or duodenal ulcer. 

The gastroenteric reflex. In two patients there was a definite history of 
urgency to defecate on partaking of food, with relief from this annoying diffi- 
culty after vagotomy. This has not been felt to mean abolition of the gastro- 
enteric reflex bevond doubt because the frequency of stools had been so mucli 
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reduced by the procedure. Studies on changes in small bowel motility by the 
inlying balloon method are as yet inconclusive on this point. 

VI. preoperative estimate of effectiveness of vagotomy 
Since some of these patients have done very well and others have not, we 
have critically reviewed all available evidence in an effort to delineate the 
factors either indicating or contra-indicating employment of vagotomy. 

It at first seemed that early cases responded more favorably than those of 
many years’ duration. Charting of clinical results against duration shows no 
correlation whatsoever. 

The degree of fibrosis does seem to play a part. Almost total loss of 
haustral markings, and of distensibility, both by proctoscopic and by radiological 
estimates, leads regularly to a poor result. Those with an estimated three- 
quarter loss of elasticity derived .slightly less consistent good results than 
those with lesser degrees of change. Most of the excellent results were achieved 
in cases with little or no limitation of elasticity. 

This observation has indicated also that patients with marked loss of colic 
elasticity are slower to improve after vagotomy than those without such loss. 

It would seem that the maximal chance of a good end result should be 
found in those cases vagotomized in the first few weeks of the disease, before 
fibrosis is a factor. 

VII. COMMENT 

One of the disturbing aspects of this study is the fear that carcinoma of the 
colon will develop with the 14 per cent frequency previously reported in old 
cases on long follow-up. In many cases the bowel has returned far enough 
toward normal to cause us to hope that this high incidence would no longer 
prevail. In any case, the present course, with careful observation, seems the 
only course allowing a solution to the problem. 

The mechanism by which vagal section changes the course of idiopathic 
ulcerative colitis is unsettled. The reduction in colic tone which regularly 
follows vagotomy would suggest that relief of spasm is important. The rapid 
response in some cases with ileostomy above suggests the mechanism is not 
through some change in intestinal juices coming from above. That some change 
in lysozyme activity is important is suspected by Holman and is now under 
study by that group.^^ 

It is difficult to ignore the possibility that vagal innervation extends as far 
as the anus ; at least the results appear as if this were the case. Much of the 
benefit may then accrue from protection of the mucosa from the reflex effects 
of the violent emotional stress to which these patients are so subject. 

A definite answer to this problem is not possible in the present state of 
our knowledge. 'Z=r ' 

CONCLUSIONS 

1. Idiopathic ulcerative colitis responds favorably in most cases to division 
of the vagus nerves. Regional enteritis has also responded. 

2. The response is usually most marked and most prompt in cases in which 
there is not great loss of disten nihility of the colic wall. 
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3. Patients with extensive fibrosis in the bowel wall, as a result of colitis, 
occasional!}^ take many months to improve after vagotomy. 

4. The mechanism of this effect is in doubt, but the reduction in mucosa) 
vascular response to intense emotion and the relief of enteric spasm seem 
to be important. 

5. The effect of vagotomy on the vascular response of the rectum to strong 
emotion is as if vagal innervation includes the rectum. 
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Discussion. — Dr. Henry W. Cave, New York: We all know that in ulceratiic 
colitis there is marked disturbance of the motor mechanism of the colon. On the right 
side of the colon there is hypomotility with resultant stasis and a feeling of fulness in 
the right side. In the left colon, from the midcolon down, we will sa}', there is marked 
hypermotility with marked irritability and resultant diarrhea. Vagal section, as sugges- 
ted by Dr. Dennis in this ex..ellent presentation, may correct this imbalance. I should 
like to ask Dr. Dennis the average duration of illness in these cases prior to vagal sec- 
tion. We all know that this disease is a c 3 'clic recurring disease; there is first a stage of 
acute activity, a second phase of convalescence, a stage of quiescence, and a fourth 
stage of recurrence of reactivation of the process in the colon. We have seen many 
cases that have remained quiescent no matter what was done; whether treated medi- 
cally or otherwise, they have remained quiescent for periods up to two 3 'ears. I think 
a good many of Dr. Dennis’ cases were of long standing, and it seems to me that 
where there are irreversible changes with pseudopol 3 'poid degeneration, infiltration in 
the colonic wall, it is hard to believe that a vagal section can cure that patient of his 
disease. I am sure when they get to that stage, with thickening, loss of laustral mark- 
ings, and the disease is irreversible, nothing will do any good except removal, and I 
want to bring out one particular point in the question of removal of the colon; that 
IS, the question of incidence of malignancy in the colons and rectums that are left in. 
In our series, seven developed carcinoma. I understand that Di. Cattell at the Lahey 
Clinic has an incidence of 14 per cent development of cancer in the segment of the 
colon or rectum left in place. I feel that one is committed to removal of the colon 
when it gets to the point of possible malignancy on the basis of 14 per cent incidence 
in the disease. 

I should like to ask Dr. Dennis one more question. After vagal section does the 
temperature subside and does the spasm abate. I think that is important in these 
cases. As he says, he has been doing the operation only since October, 1946, and the 
time is too short to evaluate properl 3 r the results of his work. 

Dr. Frank H. Lahey, Boston ; Anything that can improve our methods of han- 
dling ulcerative colitis is certainly welcome to those of us who have to deal with 
these cases in considerable numbers. It is a distressing disease of unknown origin, 
unpredictable as to when the acute critical stages arise, and with it there is associated 
a very definitely high mortality. I wish particularly to compliment the author of the 
paper on the suggestion that there is another method of treatment to be applied to this 
distressing disease. I want again to call the attention of this audience to one fact, 
and I want to be sure that this method does not alter the progress we have made with 
this disease, and I am quite sure it will not. I would like to say that we must not lose 
sight of two or three very important things in connection with ulcerative colitis. One 
is, how quickl 3 " an acute stage of the disease can appear and how quickly the patient 
tan die in it. Unless you have seen a large number of patients 3 fOu may not realize 
that the disease may become acute overnight, and the patient can die within a week; 
they can die from intoxication, perforation or hemorrhage. 

That again brings up a very important point — ^when to do an ileostomy. We have 
had an opportunity to compare two good-sized series of ileostomies in patients with 
ulcerative colitis. There were SO cases in each group. The mortality in the first 
group was 22 per cent; in the last group, in the neighborhood of 5 per cent. That is 
due to just one thing — the performance of the ileostom 3 ^ at an early enough date. 
This is in no way a criticism of the form of treatment; it is a warning lest as the 
result of delay we get back to the point where we again have a 22 per cent mortalit 3 ' 
in ileostomies. Another thing we must remember is that when these patients are 
hemorrhaging from an ulcerating colon they can bleed faster than blood can be 
put into them and the 3 ' ma 3 ' require an emergenc 3 ’ colectomy. I am particularl 3 ' 
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anxious to stress I'hese points lest we delay unduly as we try out this method, but I 
welcome it as another method of treating this very distressing disease. 

Dr. C. \V. Houman, New York: 1 should like to summarize our preliminary 
findings in a patient with ulcerative colitis whom we subjected to vagotomy. We are 
now rather cautious about interpreting our early findings as a result of this case. 
The patient was a young man admitted to the hospital because of a large prolapse 
of the right half of the colon and ileum, following ileostomy performed about a 
year and a half before. He iiad had ulcerative colitis for two years prior to operation. 
In this patient, the large amount of exposed visible bowel provided an excellent op- 
portunity to observe the effect of \'agotomy and the influence of various stimuli. 

(slides) Before operation r'ou see this prolapse, approximating at times the size 
of a football. Administration of physostigmine produced hypermotility and slight 
increase in contractility and vascularit}'. Dr. Grace and Dr. Wolf found that psychic 
stimuli, particularly anger, would make the bowel contract and become hypermotile, 
the vascularity would increase, and at times even ulcerations developed. A trans- 
thoracic vagotomy was done, apparently a complete one, as judged from the result 
of an insulin test. Four days after vagotomy the bowel had lost its motility and no 
longer responded to psychic stimuli. There was no longer an increase in vascularity. 
But during the next two weeks this changed, so that eventuall}' he developed increase 
in motility, increase in vascularity and increase in ulceration as a result of psychic 
stimuli. Coincidentally, he developed bloody and mucus discharges from the rectum 
and all evidences of an increase of activitj' in the lesion of the large bowel. I might 
say that this postoperative course w’as complicated by disturbances in motility of the 
upper gastro-intestinal tract that made feeding difficult, which might very well be 
a factor in the unsatisfactory result following vagotomy in this patient. 

Dr. Clarenxf. Dennis, St. Paul (closing) : I want to thank all the discussors. 
The average duration of the disease before vagotomy varied a great deal. The earliest 
case was done about four weeks after onset of the disease; that is the one with such 
a good result that I outlined to you. The longest that I can think of at the moment 
w'as 14 years; although Dr. Zierold, w'ho is a member of this group has, I believe, a 
patient who had the disease for 19 years, who had a good deal of improvement only 
after several months following operation. 

With regard to the development of quiescence in the disease after any sort of 
manipulation, I think it should be borne in mind that this is always a possibility. 
Dr. Bargen has seen several of these patients with me, and we have discussed them 
in considerable detail. He tells me he has had twm patients with acute ulcerative 
colitis, on wdiom ihe put Boothby masks, with complete subsidence of the disease, and 
he sent the patient home asymptomatic and wdth .apparently normal proctoscopic 
findings. He said it looked like a beautiful thing, but never would w'ork again, and 
it is w'orth pointing out that this can occur. We have one patient who came in wdth 
an acute ulcerative colitis of a few' weeks’ duration, who w'as treated with intravenous 
infusions for a week by a poB'thene tube in the vena cava, who responded beautifully 
without surgery and has, at the present time, normal proctoscopic findings and no 
symptoms. 

With regard to Dr. Cave’s question about pseudo-polyps, %ve have only one 
patient with pseudo-polyps upon whom vagotomy has been performed. The patient 
did not like the idea of having an ileostomy, and vagotomy w'as second choice. 
Vagotomy was performed; she came back in four or five months rvith the thought 
in mind that w'e could now do a colectomy and low' anastomosis. On proctoscopic 
examination the polyps had disappeared. For this reason she has had no further 
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surgery in spite of the reappearance of a single polyp in the last two or three months. 
We thought it better to follow this patient to see what happened. 

I agree with Dr. Cave that where there are advanced changes that would 
suggest the occurrence of carcinoma, it would be unwise to do a vagotomy, thus 
letting more time go by for carcinoma to become fully established. 

With regard to the length of time before fever and spasm disappear, there has 
been a good deal of variation. Most patients with fever had acute processes and, in 
most cases, the fever disappeared in three or four days. The disappearance of spasm 
was apparently very rapid, just as Dr. Dragstedt has pointed out in patients with 
duodenal ulcer. 

Di. Laihey mentioned the rapidity with which the process can develop. Two of 
our patients had very acute processes, and vagotomies were done in situations in which 
we felt that either conservatism or ileostomy would certainly result in the loss of the 
patient. Both have done very nicely. I agree with Dr. Holman that a much longer 
period of observation is necessary before any definite conclusion with regard to 
emotional responses can be formed. 
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FROM THE THORACIC STUDY GROUP, DEPARTMENTS OF' SURGERY AND PATHOLOGY, 

YALE UNIVERSITY SCHOOL OF MEDICINE 

In 1930 Van Allen, Lindskog and Richter^ presented experimental 
and clinical evidence to show that the pulmonary segments of man and certain 
animals are not isolated units or end structures from the standpoint of their 
ventilatory function. These authors demonstrated experimentally, in vivo and 
vitro, that an obstructed segmental division of a lobe can obtain air from adja- 
cent, freely ventilated segments. To this function of the obstructed pulmonary 
segment the term collateral respiration was given. (Fig. 1.) 

Subsequently, the same investigators and their co-workers demonstrated 
that an obstructed segment may breathe through collateral respiratory channels 
at least 10% as much air as would normally flow through direct bronchial 
channels, and that the volume-flow of collateral air varies directly and propor- 
tionately, within certain limits, with the depth of respiration (tidal volume).^ 
It was also shown that the volume-flow of collateral air is decreased by phreni- 
cectomy and by tight abdominal binders’ and that when unobstructed -segments 
of a lobe are inflamed, swollen or consolidated from chemical or bacterial action, 
collateral respiration may be interfered with sufficiently to allow atelectasis 
to develop in the obstructed portions.^ 

By demonstrating the collateral passage of liquids and particulate matter 
it seemed certain that the major part of collateral respiration occurs through 
the pores of Kohn.^ Convincing histologic evidence of the existence of these 
interalveolar communications in normal mammalian lungs was advanced by 
Ogawa'^ and more recently by Loosli.'^ 

It is evident from these studies that collateral respiration has much the 
same economic role in the operation of the bronchial tree as collateral circula- 
tion has in that of the vascular system, for both act to conserve the function of 
the parts which have become obstructed. Collateral respiration minimizes the 
incidence of segmental atelectasis and renders assistance in bronchoelimina- 
tion.'^ Because of the small pressure gradients involved, the mechanism is 
highly susceptible to interruption by many factors. 

This physiologic collateral mechanism seems to fit well into the widely 
accepted obstructive theory for the etiology of postoperative pulmonar}^ atelec- 
tasis, because the mechanical factors deemed most significant in its production, 

* Supported bj’ a grant from the Office of Naval Research as Project N6ori-44 Task- 
Order XI. 

t Read before the American Surgical Association, May 28, 1948. 
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namely, pulmonary hypoventilation secondary to rigidity of abdominal muscles 
and wound pain, restraining dressings, pneumoperitoneum, and intestinal 
distention with resultant elevation of the diaphragm- also interfere with collat- 
eral respiration. 



Fig. 1. — Diagram showing types of bronchial obstruction, (a) Lobu- 
lar or segmental, which permits collateral respiration, (b) Lobar, which 



The clinical observation that 
these mechanical factors are not 
commonly operative in the extra- 
abdominal group of operations, a 
group in which a reduced but still 
substantial incidence of postopera- 
tive atelectasis is also seen, led 
Lindskog in 1941® to. theorize that 
histamine-like substances are ab- 
sorbed from sites of operative or 
other trauma which by their action 
of bronchial constriction and hy- 
persecretion set the stage for the 
secondary action of already recog- 
nized and accepted mechanical fac- 
tors. The latter determine the pre- 
ponderantly higher incidence in the 
hernia-laparotomy group of opera- 
tions. 


l„aS= Ivfn Allen) That histamine-like products of 

cellular disintegration are absorbed 
systematically in tissue trauma has been demonstrated by Blalock® and by Kat- 
zenstein, Mylon and Winternitz.^® During crush and tourniquet shock, re- 
spectively, these writers observed the appearance of a toxic substance in the 
thoracic duct lymph of dogs. The collected lymph when injected into normal 
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dogs elicited a histamine-like vasodepressor response in approximately one- 
half the animals. 

To test this theory of a humoral factor in the development of postoperative 
pulmonary complications, inquiry was made into the effect of chemically pure 
histamine and certain antihistaminics on collateral respiration in dogs. This 
paper constitutes a report of the findings, 

MATERIALS AND METHODS 

For each experiment a healthy dog was anesthetized by intravenous injec- 
tion of sodium pentothal, in dosages of 35 Mg. per Kg. body weight. A mid- 



Fig. 3. — Detailed diagrammatic sketch of apparatus used for collec- 
tion of air from obstructed lung segments. Insert: Arrangement for 
volume measurements of collaterally transpired air. 

line cervical tracheotomy was then performed and a glass cannula was tied 
securely in the tracheotomy opening. The cannula was of approximately the 
same caliber as the trachea and had one side arm. 

A long slender metal bronchial cannula with a dilatable tip^^ (Fig. 2) was 
introduced through the tracheal cannula to a point beyond the dorsal segment 
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Fig. 4. — Semi-diagrammatic sketch of spirometric apparatus. 



Fig. S— Upper: Photograph of actual kymograph record. Administration of 2.0 
Mg. histamine causes hypotension, cessation of collateral respiration. Below the record 
is shown the calculated volume of collateral air in graph form. 

Lozucr: Charted data obtained from large spirometer, showing transient decrease 
in tidal air and oxygen utilization, with tachypnoea reflected in increased minute 
ventilation. 
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bronchus of the right or left lower lobe. The tip was dilated firmly in place. 
The proximal end of the bronchial cannula was then connected to a delicately 
balanced and calibrated Krogh spirometer of 450 cc. capacity with a water valve 
interposed so as to permit expiration only. The rate of collection of the ex- 
pired collateral air was recorded continuously from the Krogh spirometer on 
a revolving smoked drum. (Fig. 3.) The tracheal cannula opening through 
which the bronchial cannula passed was sealed with a rubber cuff and the side- 



MINUTES 


. ■ Pig. 6.~Upper: Photograph of kymographic record. Histamine -2 0 
Mg. administered. 13 minutes following injection of Benadryl 3.0 Mg. per 
Kg. No interference with collateral respiration, but some actual increase. 
Downward deflection of curve represents manual emptying of small 
spirometer. 

arm was connected through a CO 2 absorber to a standard Roth-Benedict 
spirometer containing oxygen. This spirometer recorded on a second kymo- 
graph tracing the tidal volume, respiratory rate, and oxygen uptake for the 
unobstructed portions of the lungs. (Fig. 4.) Simultaneous carotid blood 
pressure tracing was also recorded. 

After each experiment the dog was autopsied to check the position and 
tightness of the occluding cannula and to rule out the presence of gross 
pathology. 

Six experiments were carried out in which histamine diphosphate was 
injected intravenously in. varying dosages before and after the injection of 
Benadryl (b-dimethyl amino ethyl benzhydr34 ether hydrochloride) and in one 
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experiment in. which Pyribenzamine (N-pyridjd-N-benzy-N-dimethyl ethy- 
lene diamine monohydrochloride) was used instead of Benadryl. No effort was 
made to determine the relative potencies of these antihistaminic agents. 

RESULTS 

As in the human-- there was a wide range of individual sensitivity to hista- 
mine among these dogs. In all instances, however, histamine in doses of 0.02-2.0 
Mg. resulted in ' a marked diminution or elimination of collateral respiration 
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followed a gradual return of this function to the preinjection rate in a 
period of minutes. Associated with this phenomenon were marked tachypnoea, 
variable decrease in tidal volume, and a striking reduction in oxygen utiliza- 
tion for the whole animal. These were of shorter duration than the depression 
of collateral respiration. (Fig. 5.) The degree of response was found to be 
in proportion to the dose. Elimination of collateral respiration for a short 
period was observed in one animal with doses as small as 10 gamma per kilo- 
gram body weight. 
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Benadryl in doses of 1-3 Mg. per kilo and Pyribenzamine in a dosage of 1 
Mg. per kilo given prior to injection of histamine completely eliminated the 
depressive effect of histamine on collateral respiration. In fact, the tachypnoea 
which resulted from histamine injection following Benadr}'! increased the rate 
of collateral respiration if the interval between injection was only a matter of 
a few minutes. (Fig, 6.) The protective effect of these agents was maximal 
for l-lj4 and 3 hours, respectively, and then disappeared gradually over the 
ensuing five or six hours. (Fig. 7-9), Benadryl was found to protect against 
single doses of histamine as high as 10 Mg. 
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Fig. 10. — ^Vigorous artificial respiration performed by elevating and depressing 
the Roth-Benedict spirometer drum had no effect when collateral respiration was 
totally obstructed by histamine. Following the spontaneous return- of this function 
artificial respiration increased the rate of collateral flow. 

Note: The tidal volumes recorded during artificial respiration are exaggerated 
by the rise and fall of water in the spirometer jacket during this manipulation. 

To rule out the decrease in tidal volume after histamine as an important 
factor in the reduction of collateral respiration other experiments were carried 
out. During the period when collateral respiration was blocked the animal was 
given forceful artificial respiration bj' manually elevating and depressing the 
large spirometer drum. No collateral respiration occurred. Following the 
spontaneous return of collateral respiration during the recovery period, how- 
ever, artificial respiration resulted in a marked increase in collateral respiration 
(Fig. 10.) 
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Rapid intravenous administration of Benadryl in a dosage of 3 Mg. per 
kilogram caused a transient but marked fall in blood pressure, followed by a 
lesser and more prolonged hypertension.^- Accompanying these vascular effects 
was a short period of apnoea followed by a decrease in tidal volume and in- 
creased respiratory ' rate lasting for several minutes. During the period of 
apnoea no collateral respiration occurred and there was a relative decrease in 
the rate of its production during the period of decreased tidal volume and in- 
creased respiratory rate. (Fig. 11.) These effects were not observed when the 
dose of Benadryl was injected slowly. The same effects, but of more marked 
degree, were observed following the rapid intravenous injection of Pyriben- 
zamine, 1 Mg. per Kg. - " , . ... 



TIME IN minutes 

Fig. II. — Showing the biphasic blood pressure response and decrease in collateral 
respiration in proportion to reduction in tidal volume following rapid intravenous 
injection of Benadryl 3.0 Mg. per Kg. No vascular or respiratory response was ob- 
tained following the slow intravenus infusion of the same dose. 

DISCUSSION 

The mechanism’ by which histamine interferes with collateral respiration is 
still conjectural. The bronchoconstrictor and edema-producing actions of this 
drug are well recognized. That bronchoconstriction alone is responsible seems 
unlikely in view of the fact that some oxygen uptake (although reduced) was 
present during the periods when collateral respiration was altogether absent. 
Studies with ANTu-induced pulmonary edema in dogs reveals that collateral 
respiration is eliminated before rales can be heard with the stethoscope.^-'^ 
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This suggests that pulmonary edema results in a thickening of the interalveolar 
membrane of sufficient degree to obliterate the pores of Kohn before sufficient 
fluid is exuded into the respiratory passages to be clinically evident as rales. 
That a degree of pulmonary edema may play a role in the collateral respiratory- 
blocking effect of histamine remains a possibility, but the rapidity of action 
makes this unlikety. 

These observations also have an interesting relation to a side-action of 
curare, a drug which is now of widespread use as an adjunct in anesthesia. 
The intravenous injection of curare was shown b)’^ Anrep and his co-workers^"* 
to release histamine from muscle tissue in dogs, which circulated in the blood 
in physiologically active form. Subsequently, Comroe and Dripps^** found 
that intracutaneous and intra-arterial injections of curare in man produced 
typical histamine-like wheals and flares. These observations were confirmed 
b}'^ Grob, Lilienthal and Harve}'*® who also described evidence of general vaso- 
dilatation and increased secretion of gastric juice following intra-arterial injec- 
tion of curare, and found these to be inhibited b}’^ the previous or simul- 
taneous injection of antihistaminic agents. Recenll}^, Landmesser^'* measured 
the broncho-constrictor action of intravenous curare in dogs and found it 
to be inhibited by antihistaminics. The release of histamine following admin- 
istration of curare may explain the reported occasional occurrence during 
curarization of alarming respirator)'’ difficulty and sudden severe hypotension 
which resemble the effects of histamine.^®-^** 

The effect of histamine on collateral respiration as demonstrated in this 
study suggests that histamine release by curare presents an additional factor 
in the production of postoperative pulmonary complications. However, this 
factor may be outweighed by the beneficial effects of curare, namely, shorter 
operating time and better exposure with less trauma. Thus far no report of a 
carefully controlled study of postoperative pulmonary complications following 
curare in anesthesia has been published. 

If histamine-like substances are released by various types of tissue trauma, 
the facts established b)’’ our experiments suggest that the absorption of these 
substances following operative trauma may act to produce an interference with 
collateral respiration, thus setting the stage for the development of postopera- 
tive pulmonary atelectasis. Furthermore, this mechanism may be inhibited by 
prior administration of antihistaminics. 

CONCLUSIONS 

1. Histamine when administered to normal dogs in total dose of 0.02-2.0 
Mg. causes a temporary abolition of the collateral respiratory function in the 
lung lobe. 

2. This action of histamine is inhibited by prior administration of anti- 
histaminics (Benadryl and Pyribenzamine). 

3. The possible relation of these findings to the production of postoperative 
pulmonary atelectasis and its prevention is discussed. 
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Discussion. — Dr. Gustaf E. Lindskog, New Haven, Conn.: I think that the 
experiments themselves are reasonably clear cut. The link in the chain that is 
missing is evidence that in surgical operations and other types of trauma sufiicint 
histamine is released and absorbed into the blood stream to cause this t 3 'pe of remote 
effect on the lung. Clinical experience suggests that there is a basic humoral mechan- 
ism in the production of early postoperative pulmonary complications. They occur 
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typically very early, and they occur preponderantly in patients Avho have had severe 
operative trauma and prolonged operations. There are two factors tliat the external 
Or extralaparotomy group of operations and the internal or laparotomy group have 
in common. These are operative trauma and sedation, and sedation I think plays a 
very important role. However, the common primary mechanism may be the humoral 
mechanism, the effects of which we have tried to demonstrate here from the experi- 
mental side. 

I would like to point out that with this cannulation technic, which was first 
developed by Dr. Van Allen in 1930, there exists an excellent opportunity for anes- 
thetists to study very accurately and quantitatively the effect of certain agents on the 
peripheral pulmonary and bronchial mechanism. 

Dr. Edward D. Churchill, Boston: Dr. Lindskog and-his colleagues have taken 
up the problem of the point at which histamine or histamine-like substances act on 
smooth muscle in the lung. It has been known for years that the injection of a small 
amount of histamine is followed by a sharp rise in the pressure recorded in the 
pulmonary arterj'. The smooth muscle of the lung, howei'er, is a very complicated 
structure. Its distribution varies widely in different mammals. In some species it 
appears most highl}' developed in the walls of the arteries; in others, in the bronchial 
tree. It is difficult to isolate and identify the action of these various components of 
the smooth muscle structure. 

It occurred to us a good many years ago that the sharp rise of pulmonary artery 
pressure in response to a minute dose of histamine might be a method of biologically 
detecting the release of histamine from traumatized tissue. At that time the H- 
substance was in its heydey and everyone was attributing traumatic shock to H-sub- 
stance. An experiment was set up, using the cat, with a constant recording of the 
pulmonary artery pressure. An extremity was isolated by a tourniquet and trauma- 
tized. The question asked was whether release -of the tourniquet, which was found 
to cause a precipitate drop in systemic pressure, might also produce a rise of 
pulmonary artery pressure. The assumption was that a wave front of H-substance 
released from the traumatized extremity would enter the pulmonary circulation and 
produce a characteristic pharmacologic response. Actually, no detectible rise of 
pulmonary artery pressure occurred. When a minute dosage of histamine was placed 
in the venous system of the extremity before loosing the tourniquet, its release was 
followed by the characteristic effect. 

Any conclusion regarding the release of H-substance from traumatized tissues 
should be clearly earmarked as an assumption. This hypothesis was set up by 
physiologists during and after World War I, on the basis of poorly controlled 
experiments and superficial clinical observations. It has taken years to put it in its 
place as an unproven assumption. 



STUDIES ON THE USE OF POLYTHENE AS A FIBROUS TISSUE 

STIMULANT^ 

George H. Yeager, M.D. and R. Adams Cowley, M.D. 
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FROM THE DEPARTMENT OF SURGERY, UNUXRSITY OF MARYLAND SCHOOL OF MEDICINE, BALTIMORE, MD. 

Attention was directed toward the irritating properties of cellophane 
by Page- in 1939, who wrapped the kidney of dogs in cellophone, in order to 
produce hypertension. Since that time, clinical and laboratory reports have 
been made showing successful obliteration of aneurysms and complete inter- 
ruption of large blood vessels as a result of fibrosis secondary to cellophane 
implants. Concurrent!}^, other reports have been made dernonstrating the 
use of cellophane and cellophane-polythene (polyethylene) because of its 
physiologically inert characteristics and lack of fibrous tissue stimulating 
characteristics. In other words, clinical use is being made of an apparently 
similar or related substance with end results that are diametrically opposed. 

Poppe and De Oliveira,^ in 1946, reported the results of their studies of 
the comparative characteristics of various types of cellophane. They showed 
that substances identified as varieties of cellophane caused slight tissue re- 
action; whereas the substance referred to as polythene** caused a marked 
fibrous reaction. 

Ingraham, in 1947, and in contradistinction to Poppe’s findings, reported 
that polythene film and polythene tubes were implanted into the brains of 
experimental animals without evidence of gross or histologic tissue reaction. 
In contrast to the work of Poppe and De Oliveira, he also demonstrated 
marked tissue reaction to du Pont “Cellophane (PT 300)”, a substance 
which Poppe had found to be comparatively inert. 

Personal correspondence with the du Pont Company has elicited the 
comment that there is apparently some confusion in identity between cello- 
phane and polythene, and that in their experience, this had not been unusual 
even in commercial application. 

Implantation, into human tissue, of foreign substances other than suture 
material, has been attempted to correct or reinforce tissue defects or to 
bridge over breaks in tissue continuity. Bone plates, vitallium lubes and 
Incite balls all represent recent examples of this principle. Such substances 
are useful because of their physiological inertness and because they produce 
minimal tissue reaction. Certain varieties of cellophane apparently meet this 
requisite. Donati,i in 1936, demonstrated the inert characteristics of cello- 
phane. Wheeldon,^ in 1939, reported the use of No. 300 moisture proof 
transparent cellophane, as a permanent tendon sheath, to prevent adhesions. 
In 1943, McKeever® reported the use of cellophane following synovectomy, 
as an interposition membrane, to prevent adhesions of two surfaces. 

* kead before the American Surgical Association, Quebec, Canada, Alay 28, 1948 
Polythene; cellophane-polythene and poB'ethylene are synonymous terms. 
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In September, 1947 at the Clinical Congress of the American College of 
Surgeons, reports were made b}'' Brown, Gunlay and Craig: “Use of Poly- 
thene As A Dural Substitute” ; by Gunlay and Gray : “Molded Plastic Tubes : 
An Experimental Study With Special References To Their Use In Recon- 
struction Of The Common Duct”, and by Hockworth : “Replacement Of The 
Thoracic Aorta With Polythylene Tubing: An Experimental Study”. 

Our interest in the problem has evolved from a search for a substance 
that will cause a relatively controlled fibrous tissue stimulation, without, at 
the same time, having the undesirable characteristics of a foreign body. 
Laboratory and clinical studies have confirmed our impression that “poly- 
thene-du Pont” meets these requirements. We prefer the latter terminolog}’ 
in order to clarify the present misunderstanding regarding the characteris- 
tics of various types of cellophane and polythene. Disparities noted in 
results with polythene are apparently not due to variations of the basic 
chemical formula or the raw product, but upon the method by which it is 
secondarily converted into film, blocks or tubes. For purposes of clarity, 
discussion in this paper will be limited to the effects of “polythene-du Pont” 
as obtained in 1.5 mil film directly from the E. I. du Pont De Nemours and 
Company Inc. This company prepares polythene film from crude polythene 
by a “solvent cast” method. The finished product is pure polythene with the 
exception of less than one percent of dicetyl phosphate, die stripping agent. 

Other manufacturers prepare polythene film and polythene tubes, from 
crude polythene, by means of a “melt extrusion process”. This process does 
not entail the use of antioxidants, stripping agents or plasticizers, the end 
product being pure polythene. 

In attempting to correlate the results of various investigators, this varia- 
tion in method of manufacturing was noted. The implications, which are 
obvious, will be discussed under animal experimental implant data. 

Inertness and minimal tissue response associated with implantation of 
foreign substances are essential characteristics, when indicated. Neverthe- 
less, in certain conditions, there is need for a substance for tissue implanta- 
tion that will stimulate, within reasonable limits, the production of fibrous 
tissue. 

The desirability of occluding aneurysms has been understood since their 
recognition as a clinical entity. Ideally, the procedure should occlude, or in 
some way eliminate the aneurysm without jeopardizing the distal circulation. 
The concept of gradual arterial obliteration was originated late in the 18th 
centur)^ A^arious ingenious externally compressing devices were ultimately 
found to be unsatisfactory, and not without their dangers. Direct attack is 
frequently limited, both by reason of endangering viability of tissue and by 
anatomical difficulties. A procedure that will gradually obliterate an aneu- 
rysm with absolute certainty, and not entail the use of mechanical devices, 
or repeated operative procedures, should assure an optimum distal circulation. 

Polythene-du Pont falls into the category of a plastic, it being a long- 
chained polymer of ethylene. As stated previously, this product is pure poly- 
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tliene with the exception of less than one percent of dicetyl phosphate. In 
medical literature, polythene is usually referred to as polyethylene. When 
it was found that polythene-du Pont possessed iibrous tissue stimulating 
qualities, possible carcinogenic excitant characteristics were excluded. The 
latter observations extended over a period of five months. Polythene-du 
Pont implants were made into 20 mice, representing two cancer susceptible 
strains and two cancer resistant strains. Co-carcinogenic agents (Hemato- 
porphyrin and Croton oil) were also injected. The implantation of poly- 
thene-du Pont into mice did not give rise to tumors, or reveal evidence of 
carcinogenic stimulus. 

Fibrous tissue stimulating characteristics of polythene-du Pont were 

studied in a series of animal expe- 
riments that included dogs, rabbits 
and guinea pigs. Following its im- 
plantation, microscopic and his- 
tologic studies were made at in- 
tervals of 10 days, and one, two 
and three months. Paralleling con- 
trol studies were also made. It was 
found that polythene-du Pont 
caused an inflammatory response 
in tissue, far in excess of that seen 
in control animals. This inflamma- 
tory reaction was characterized by 
edema, hyperemia, fibroblastic pro- 
liferation and lymphocytic and 
eosinophilic infiltration. Effects on 
fascia, muscle and peritoneum, as 
well as blood vessels, were studied. 
(Fig. 1 & 2.) Implants were sutured 
in situ, and their location carefully 
marked. 

In addition to these observa- 
tions, crude polythene flake, poh- 
thene film prepared by the “melt 
extrusion” process, which is pure 
polythene, as well as dicetyl phos- 
phate were implanted into the tis- 
sues of experimental animals. The 
resiflts of these observations are shown in Fig. 3, 4 and 5. 

ased On these observations, we believe that pure polythene is compara- 
tively inert when implanted into tissue, and does not cause a fibrous tissue 
reaction. Polythene film prepared by the “stripping process” of the du Pont 
ompany is adulterated by dicetyl phosphate. Apparently the tissue excitant 
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factor noted in polythene-du Pont is dicetyl phosphate with polythene simply 
acting as an inert media of transmission. 

The effects of polythene-du Pont on a diffuse dilatation of the common 
carotid artery and on a fusiform aneurysm of the abdominal aorta are illus- 
trative of the clinical application of the principle of treatment by fibrosis. 

CASE REPORTS 

Case 1. — M. E. W. (History 35073), a 66-year-oId white female admitted to 
the Univ,ersity Hospital with a complaint of "hoarseness" associated with a "lump” 
in the right side of the neck. Three years previous to admission, she noticed difficulty 
in singing, and an increasing hoarseness. There were no complaints of cough, palpita- 
tion, dyspnea or syncope. 


I 
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Fig. 2 (Dog 11). — Low power photomicrograph. A — Normal carotid artery. B — 
Carotid artery thirty-eight days after implantation of polythene-du Pont. Note the 
substantial constriction. The adventitia and periadventitia is thickened with dense 
collagenous connective tissue. Focal lymphocytic infiltration is present. The media is 
free of significant scarring. 

A pulsating mass, synchronous with the heart beat, just above the right sterno- 
clavicular area was noted. It measured approximately 5 cm by 3 cm. No thrill or 
bruit were present. The radial pulses were equal and synchronous; the heart slightly 
enlarged, to the left. Serology negative. Roentgen examination: — Moderate cardiac 
hypertrophy; aorta tortuous but not dilated; no soft tissue mass seen in the lower 
cervical region. 

Under endotracheal cyclopropane anesthesia, the right cervical area was explored. 
The right subclavian artery was sclerotic and tortuous. The right common carotid 
artery was tortuous and markedly dilated, simulating a fusiform aneurysm. The 
innominate artery was also sclerotic and dilated. The common carotid was mobilized 
and the internal juglar vein and vagus nerve, as well as the recurrent laryngeal nerve, 
were isolated. A single layer of 1.5 mil polythene-du Pont was overlaid about the 
common carotid artery, and tacked in place with interrupted double zero plain catgut 
sutures. The bifurcation of the innominate was overlaid in a similar manner. The 
incision was closed without drainage. 
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The postoperative course was' essentially without event. The patient returned to 
work at the end of four weeks, after operation. Examination at the end of four 
months, revealed no evidence of hoarseness, and no history of recurrence of hoarse- 
ness. The mass in the right side of the neck had disappeared. Pulsations in the right 
carotid region, were Avithin normal limits. 

Case 2.— G. F. (History 36376)', (Fig. 6), a 64-year-old white male, admitted 
to the University Hospital with a complaint of a “throbbing lump” in the left lower 
abdomen, and weakness of the left lower extremity with cramping. The ‘ weakness 
and cramping” were noticed about one year prior to admission to the hospital. Fol- 



Fig. 3 (Rabbit 4).— Low power pho- 
tomicrograph of implantation site of 
crude polythene flake 15 days after its 
introduction into the muscles of the 
abdominal wall (hematoxylin and 
eosin). Defects that are seen represent 
polythene deposits. Infiltration of 
lymphocytes and polymorphonuclears is 
characteristic of a foreign body re- 
action. 



Fig. 4 (Dog 22). — Low power pho- 
tomicrograph of implantation site _ of 
pure polythene film (“melt extrusion 
process”) 12 days after its introduc- 
tion into the subcutaneous plane of 
the abdominal wall (hematoxylin and 
eosin). Note the narrow margin of 
scarring and tissue reaction along the 
site of polythene implant. Giant _ cell 
and lymphocytic infiltration is minimal. 

hard mass was noted in the left side of the 


lowing development of the leg symptoms, a 
abdomen, that gradually increased in size. 

Physical examination : — Evidence of generalized arteriosclerosis, with an expansile, 
pulsating mass about 3)4" by 4", to the left of the abdominal midline, nonadherent 
to the abdominal wall. Blood pressure in the right leg was 130/70; it could not be 
obtained on the left. Peripheral vessels, including the femoral, could not be palpated 
on the left side; all vessels were easily palpated on the right. The left foot was cool 
and ischaemic. Pulsations in the ' abdominal mass were synchronous with the heart 
beat. Neurological and Serology examinations were negative. E. K. G. : — klyocardial 
abnormality and possible coronary disease. Roentgen examination : — Aortic arch cal- 
cified ; extensive calcification of the abdominal aorta with marked enlargement, the left 
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lateral border extending about 5 cm. lateral to the lumbar vertebra; calcification noted 
from L 2 to the lumbosacral joint. Definite bony erosion not seen. The colon, by 
means of barium enema, filled readily with no filling defects and no displacement. 

Under spinal pontocain anesthesia, an abdominal exploration was performed 
through a long left muscle splitting incision. A fusiform aneurysm of the abdominal 
aorta was found that extended from the level of the first lumbar vertebra, to its 
bifurcation into the common iliacs. The jejunum, at its point of fixation by the liga- 
ment of Treitz, was displaced forward, and was adherent to the aneurysm. The peri- 
toneum was reflected from the aneurysm, and the aneurysmal sac exposed over about 
80 percent of its surface. The right common iliac appeared to be normal in character. 
The left common iliac was distorted and compressed by an overlying bulge in the 
aneurysmal sac; very feeble pulsations were obtained in this vessel. The vena cava 
was visualized. No attempt was made to mobilize the posterior aspect of the aneurysm, 
overlying the vertebra. 



Fig. S (Rabbit 3). — Low-power pho- 
tomicrograph of implantation site of 
dicetyl phosphate 13 days after its in- 
troduction into the thuscles of the ab- 
dominal wall (hematoxylin and eosin). 
Note the fibrosis and lymphocytic infil- 
tration. Foreign body giant cells are 
scattered throughout the section, with 
young fibrocytes arranged in whorls. 


Single strips of 1.5 mil polythene- 
du Pont were tacked over the exposed 
areas of the aneurysm by means of 
fine silk sutures. Cellophane was over- 
laid along the medial margins of the 
exposed aneurysmal sac, in order to 
afford protection to the vena cava. The 
reflected peritoneum was then approx- 
imated by means of interrupted silk 
sutures. The abdominal incision was 
closed without drainage. 

The postoperative ' course was es- 
sentially without event. Examination 
two months postoperatively revealed 
that the patient had returned to his oc- 
cupation as a watchman. The abdominal 
mass, by palpitation, had decreased in 
size about two-thirds. The subjective 
sensation of “throbbing” had disap- 
peared. He was completely free of pain. 
Particularly noteworthy, was the fact 
that pulsations were obtained in- all of 
the peripheral arteries of the left lower 
extremity, as well as the right, and that 
both feet were warm. 

IMPLANTATION OF POLYTHENE-DU 

PONT INTO THE ABDOMINAL WALL 


The end effects of polythene-du 
Pont are apparently due to fibrosis. 
It was noted that experimental animals with large fascial and muscle defects 
fibrosed without evidence of herniation following polythene-du Pont im- 
plants, whereas these defects persisted in control animals. (Fig. 7.) 

In general, foreign substances retard rather than aid the normal process 
of wound repair. Jenkins,^® in 1947, in his studies with gelfoam sponges, 
stated “fibroplasia develops rapidly under the sponge, and in addition, in- 
vades the interstices of the sponge. This offers a lattice work for the growth 
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o£ fibroblasts, thus giving reinforcement and structural support”. 

More recently, Koontz^^ has studied the effects of tantalum mesh in the 
repair of ventral hernias. He has shown that when tantalum mesh is im- 
planted into tissue defects, the mesh becomes covered by a very thick, tough 
envelope of fibrous tissue. 



sclerosis, extending from L 1 to its bifurcation into the common iliacs. Peritoneum 
reflected from aneurysmal sac, and polythene-du Pont being plicated onto its wall. 


Experimental studies were not made to determine the possible merits or 
advantages of these substances. It was thought tliat the type of fibrous tissue 
reaction noted with polythene-du Pont might be both desirable and advan- 
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tageous in the problem of recurring hernias, particularly in those associated 
with large fascial defects. This principle has been applied clinically in 15 
instances, the following of which is a typical example. 

CASE REPORT 

Case 1. — J. M. G. (History 36335), (Fig 8) a 50-year-old white male, admitted 
to the University Hospital with a complaint of bilateral recurrent inguinal .hernia. 
Bilateral inguinal hernioplasties had been performed 15 years and 3 j'ears respectively, 
prior to the present admission. During a six to seven months period previous to this 
admission, it had been noticed that the hernia on the right side “bulged into the 
scrotum.” 
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Fig. 7 (“a”— Dog 19; “b”— Dog 20). Low power photomicrographs showing 
"a”— control cross section of anterior abdominal wall 54 days after rectus muscle and 
anterior rectus sheath had been removed, “b” — same procedure 54 days after implan- 
tation of 1.5 mil polythene-du Pont into defect. Note greater fibroblastic proliferation 
and scarring in “b” as compared to “a”.- 


Physical examination was essentially negative except for a complete irreducible 
inguinal heria on the right, and an incomplete reducible inguinal hernia on the left. 

Under spinal pontocain anesthesia, bilateral inguinal hernioplasties of the Halstead 
type were performed. The right side entailed considerable difficulty in identifying 
anatomical planes. The sac on this side, which was densely adherent, extended into 
the scrotum, and contained incarcerated omentum, which tvas resected. Following 
ligation of the peritoneal sacs on their respective sides, a single strip of 1.5 mil poly- 
thene-du Pont was tacked over the neck of each sac. Another strip was placed between 
the peritoneum and the site of approximation of the conjoined tendon, to Poupart’s 
ligament. This strip extended from slightly above the internal ring to the pubis. 
An additional strip of 1.5 mil polythene-du Pont was placed anterior to these approxi- 
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mated structure^, and i'cncath the fascia of the external oblique muscle. The incision 
was then closed without drainage. The conjoined tendon in this patient was thin and 
transparent. The fascia of the e.xtcrnal oblique muscle uns a poorly defined structure. 
Except for a superficial infection, the patient's convalescence was comparatively with- 
out event. At the end of ten days, the incisional areas were bravmy and indurated. 
This brawniness and induration persisted for a'oout six weeks. Follow-up examination 
at the end of five months, did not reveal any suggestion of recurrence. 

COMMENT 

Polythene-du Pont implants have now been used in eleven inguinal her- 
nias and in four of the ventral type. In each instance, the problem either 



Fig. 8 ( T. M. G. 36335). — Third recurrence, bilateral inguinal hernias, showing size 
of sac on right side which contained incarcerated omentum. 

of repeated recurrences, or large fascial defects was presented. With the 
exception of the case reported above, none of the operative procedures were 
associated with secondar\' infection or unusual complications. The series 
is too small, and the period of postoperative obserx’ation too short, to estab- 
lish a true evaluation of the e^ectiveness of tliis procedure. There has been 
no e\-idence of recurrences. The longest postoperative period of observance 
in this series is eight months; the shortest three months. 

DISCUSSION 

PohThene-du Pont, because of its fibrous tissue excitant characteristics, 
was utilized in the treatment of aneurv'sms and recurrent hernias. In retro- 
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spect, it appears that the same result could have been accomplished by the 
direct use of dicetyl phosphate, the chemical adulterant appearing in this 
type of polythene. Dicetyl phosphate, when implanted into the tissues of 
experimental animals, causes a prompt and violent type of fibrous tissue re- 
sponse. A supplemental report will attempt to demonstrate its late effects on 
tissue, as well as principles involving its utilization. 

Some absorbable substance may ultimately prove to be a more satisfac- 
tory medium for application. If dicetyl phosphate can be combined with a 
substance such as gelfoam, the results should be more advantageous. 

CONCLUSION 

1. The principle of tissue fibrosis offers a method of obliterating aneu- 
rysms. It presents the advantages of gradual obliteration, with optimum de- 
velopment of collateral circulation. It has the disadvantages of not being 
directly controllable. 

2. The principle of fibrous tissue stimulation may offer a field of use- 
fulness in the problem of fascial defects and recurring hernias. 

3. Polythene-du Pont represents a method of accomplishing a relatively 
controlled type of fibrous tissue reaction. 

4. The type of reaction noted with polythene-du Pont seems to be due 
to dicetyl phosphate and not to polythene. 

5. Pure polythene implants are well tolerated by tissues and are asso- 
ciated with a minimal tissue response. 

6. Conflicting results regarding the use of polythene in aneurysms, 
patent ductus arteriosus, and obliterative procedures are probably due to 
variances in method of manufacturing the film. 

7. Implantation of polythene-du Pont when fibrous tissue reaction is not 
indicated would be most undesirable. 

8. Clinical use of cellophane, polythene or any other plastic, carries with 
it the urgent requirement of knowledge of both the chemical and physical 
characteristics of the product being used. 
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Discussion. — Dr. Hilger P. Jeniuns, Chicago: Dr. Yeager has drawn to our 
attention that a manufacturer uses an irritating substance such as diacetyl phosphate 
in the fabrication of the finished product, which makes a very striking difference in 
the behavior of tliis material in the tissues. This brings up the question of asking 
tile Council on Pharmacy and Chemistry of the American Medical Association to 
co-operate with the surgical profession bj'^ maintaining a comprehensive file on new 
commercial materials which may be of value in surgery, so that those who are 
pioneering with these new products maj' have tlie benefit of information which may 
not be made available to individuals by manufacturers, unless one is as persistant as 
Di. Yeager has been. 

Dr, Herman E. Pearse, Rochester, N. Y. : I know of no subject on which there 
is so much confusion as in the physiologic response to plastics. There are four 
papers that can be used as an illustration. Poppe and Yeager have pointed out the 
irritant properties of polythene; Ingraham and Clagett have used polythene to prevent 
irritation. 

Some years ago I reported on the occlusion of great vessels by wrapping them 
with cellophane. Later I carried out another group of experiments and could not 
repeat my original results. Experiments were undertaken to determine why this 
occurred. They were predicated on three hypotheses : One, that there was an individual 
sensitivity of the animal, and this has not been proven or disproven. Second, that 
the cellophane itself was impure and some contaminant in it caused the irritation. 
That has been demonstrated here, and I certainly congratulate Dr. Yeager. However, 
I do not believe that this can be the only irritating substance, for many possible 
contaminants are used in the manufacture. The third possibility is that the cellophane 
itself may be irritating and there is a coating on it that protects it from the tissue. 
This thought was suggested by the fact that if you soak it for a long time, or if you 
use various methods of sterilization, your results will differ. The greatest activity is 
obtained when the substance is boiled. 

We have compared 300 P T cellophane from Dupont, 300 PUT from Dupont, 
polythene from Dupont, polythene from the manufacturer who supplied Ingraham, 
a number of cellulose products providede me, and to date the more I work in this 
field the more confused I become. The results are erratic. 

I wish to conclude with one thought. If one uses these substances to produce 
irritation and they do not do so, you have not obtained your objective but you have 
done no harm. Should one use them to avoid irritation and have them cause irritation, 
I agree with Dr. Yeager, that the results will be catastrophic. 

Dr. Daniel C. Elkin, Emory University, Ga. : We have employed polythene in 
conjunction with a partial occlusion of the arota by a metallic band, in order to 
bring about a subsequent complete occlusion as a result of the fibroblastic cellular 
response to this material. The early experience, particularly that of Halsted, showed 
that the use of a metallic band alone frequently resulted in ischemia of the vessel wall 
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with subsequent rupture. The use of polythene or of some other irritating variety 
of cellophane, as advocated by Pearse, at times brought about a complete obliteration 
of the vessel but failed to produce uniformlj^ a complete occlusion. We, therefore, 
combined the two methods, using a cuff of polythene about the aorta of the experi- 
mental animal, and over this placing a metallic band of tantalum so compressed as to 
produce about 50 per cent occlusion. It is believed that the fibrosis produced by the 
polythene serves to protect the vessel from erosion of its wall by the metallic band. 
Microscopically, it is readily seen that a hea\'y buffer of fibrous tissue is produced 
at the margin of the band and extends along the course of the artery as a bulkhead 
against erosion and aneurj'smal formation. The vessel beneath the band continues 
to atrophy, but the entire area is encased in a sheath of fibrous tissue. Thus, the 
use of the two materials overcome the inherent disadvantages of either material alone, 
and the period of time required for complete occlusion of the arter}' is greatly de- 
creased. 

Dr. Amos R. Koontz, Baltimore: Dr. Yeager has certainly put his finger on one 
thing that is much needed in surger 3 '; that is, something to increase fibrous tissue in 
various places. There is one place in which I have been trying to find something 
that will increase fibrous tissue; nameb^, in reinforcing suture lines, especiall}'^ in 
hernia repair. I have tried various agents experimentally, such as gelfoam and 
fibrin foam, without very startling results, hoping to find something to cut down the 
use of some of those noxious agents our President spoke about yesterda}^ 

The reports I have seen in the literature by Ingraham and others who have 
used polythene to repair dural defects state that it is inert, causes no irritation and 
no increase in fibrous tissue. The irritating type of polythene, which Dr. Yeager has 
used and whiah causes an increase in fibrous tissue, should be of great value in 
reinforcing suture lines when weak structures are sutured together. In a great many 
cases, especially in hernia repair, there are no available tissues surrounding the defect 
with which to strengthen the suture line. The possibilities of the irritating type of 
polythen in these cases are well worth considering. 

I am going to have the temerity to speak of one of the agents that Dr. Gallie 
condemned yesterday; that is, tantalum mesh. I have tried this experimentally in 
dogs, resecting the rectus muscles on each side and replacing them with tantalum mesh 
sutured to the fascia around the edges of the defect, and lea\ang nothing but the 
tantalum mesh between the subcutaneous tissue and the peritoneum. It is remarkable 
to note, several months later, the amount of fibrous reaction that develops. The 
fibrous tissues grow through the mesh, all around the mesh, and it becomes covered 
with a very heavy layer of fibrous tissue and gives a strikingly firm abdominal nfall. 
Whether the tantalum mesh stimulates fibrous tissue to grow, I do not know; but I 
have in mind some experiments to try to find out whether this is the case or whether 
the tantalum simply acts as an inert framework to support the growths of fibrous 
tissue. I have used it in a good many cases of large ventral hernia, in which the 
defect couldn’t be closed and where there were no tissus to be mobilized to close the 
defect; or, if tissues were available, they were too weak to be of value. Of course, 
you can undercut, you can make flaps, you can make relaxation incisions ; but even 
then the tissues are very weak in many cases, and if you haven’t something strong 
to close the defect with, you will not get a cure. 

I operated on one woman, using tantalum mesh, who measured 60 inches in her 
stocking feet and weighed 256 pounds in her nightgown, and the fat was actually 
oozing through all her fascial tissues e\'erywhere. I do not think she could be cured 
without putting in some extraneous material. Maybe polythene will do the trick in 
these cases. When I saw Dr. Yeager’s paper on the program, I already had some 
polj^hene to try out ; and I am going to try it because if it will do the same thing for 
ventral hernias that tantalum mesh will do, it is possible it might be more desirable. 
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A Diagnostic Test for Early Postoperative Venous Thrombosis 
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The prevention oe postoperative venous thrombosis and pulmonary 
embolism has received a great deal of attention during the past few years. 
Sufficient clinical data have been accumulated to establish definitely that 
modern prophylactic methods can materially reduce the incidence of post- 
operative thrombo-embolism. This decreased incidence is due primarily to 
the use of proximal vein ligation and/or anticoagulants, but recent improve- 
ments in pre- and postoperative care have also played a definite role. Allen 
and associates ^ have been the foremost advocates of vein interruption. 
Heparin has been used most extensively in Sweden “ and dicumarol has been 
favored in this country b}' Barker ^ and others. Each of these methods, or 
combination of methods, has its firm advocates but experience has shown 
that any one of the three can be effective when properly used. (Table I) 
These methods present serious problems. Routine prophylactic bilateral 
vein ligation entails an added operating room procedure. Many surgeons 
view with alarm large scale normal vein ligation, and there is reason to 
believe that edema of the legs and other complications occur in some in- 
dividuals as a result. Routine prophylactic postoperative anticoagulants re- 
quire very careful laboratory control if they are to be both safe and effec- 
tive. This is especially true with dicumarol, as the dosage must be individu- 
alized for each patient and plasma prothrombin activity must be determined 
daily during the treatment. This is a major technical and economic problem 
for the well equipped hospital and an insurmountable problem in the hospital 
with inadequate laboratory facilities. If the problem of thrombosis is ap- 
proached statistically, only about 6% of postoperative patients require 
prophylaxis, but there has been no proven method by which this relatively 
small group can he distinguished from those patients who will not have 
thrombosis. Our recent experience indicates that the prothrombin activity 
of the plasma in the postoperative period may serve as a helpful test in 
predicting those patients who are liable to thrombo-embolic complications. 

Our first efforts to find a laboratory test which might be of value in 
detecting early thrombosis were stimulated by the work of Waugh and 
Ruddick.^ They used a heparin dilution method of determining blood 
coagulation time and found the time was decreased during bed rest, in 

* Read before the American Surgical Association, Quebec, Canada, May 28, 1948. 
** Instructor in Surgery, 
t Assistant Professor of Surgery. 
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acute inflammatory conditions, in the presence of hemorrhage, and during 
the postoperative period. Using this method we have found marked reduc- 
tion in coagulation time in several postoperative patients who developed 
thrombosis. Increased whole plasma prothrombin activity was also noted 
in those patients who developed thrombosis. The determination of the pro- 
thrombin activity of plasma is a simple laboratory procedure, and it seemed 
worthwhile to study its alterations in the postoperative patient. 

There are conflicting reports in the literature concerning the relation of 
prothrombin activity to thrombosis. Tuft and Rosenfield® concluded from 
their studies using dilute plasma that an acceleration of prothrombin time 
is not suggestive evidence of a tendency to thrombo-emboHsm. Hum, Barker 
and Mann ® found that the levels of antithrombin and prothrombin are often 
outside observed normals in patients having a tendency to thrombosis, but 
that high and low values are present in about equal numbers. Levy and 
Conroy ^ found decreased prothrombin times during ether anesthesia with a 
return to normal within 24 hours after operation. They used the bedside 


Table I . — Prophylactic Treatment of Throtnbo-Evibolism 
Comparison of Vein Ligation and Anticoagulants 


Treatment 

Number 

Patients 

Thrombosis 

and 

Embolism 

Fatal 

Embolism 

Authors 

None 

302 

11% 

2.9% 

Craaford & 

Heparin 

352 

0 


Jorpes 

None 

832# 

3.9% 

V 

0.7% (6 cases) 

Edgar Alien 
et ai. 

Oicumarol 

832 

0.4% (3 cases) 

0 

None 

458* 

12% 

5.7% 


Vein ligation 

458 

1.1% (5 cases) 

1 case 

Arthur Allen 


S Estimated Complications — Abdominal Hysterectomy. 
* Selected Cases — Older Age Group. 


method of determining prothrombin time. The work of Bancroft and 
Stanley-Brown ® gives support to the thought that prothrombin activity may 
give a clue to thrombosis. They determined the "clotting index” according 
to the formula — C.I. equals Prothrombin Fibrinogen. An index of 1.0 or 

Antithrombin 

over indicated a tendency to thrombosis and one of 0.3 or less, a tendency 
to bleed. In a series of postoperative patients, 65% had a normal clotting 
index and an uneventful convalescence. Thirty-five per cent had a high index 
and although no frank signs of phlebitis developed, this group all had fever 
and a prolonged convalescence without any demonstrable cause. Patients 
with phlebitis all had high indices as did seven patients with pulmonary 
emboli. They studied patients preoperatively and on the seventh and ninth 
postoperative days, and believed that a high index indicated a tendency to 
thrombosis. Shapiro ® found hyper-prothrombinemia in patients who had 
venous thrombosis or a pulmonary embolus. He determined prothrombin 
time on diluted (12.5%) plasma as well as on whole plasma and found the 
most consistent decrease in the dilute plasma. His results using whole plasma 
were variable and at times he found increased prothrombin times when 
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thrombosis was actually present. He concluded that a decreased prothrombin- 
time found with dilute plasma was an aid in the differential diagnosis of 
thrombosis. The data which are being presented indicate that an increase in 
the prothrombin activity of whole plasma precedes the appearance of clinical 
thrombosis although at the time when thrombosis is evident, the prothrombin 
activity may be normal or less than normal. 

METHODS 

The plasma prothrombin activity has been studied in two series of post- 
operative patients. In the first series of 73 patients, prothrombin activity 
was determined just before and within 6 hours after the operation, also 
daily until the sixth postoperative day. Patients selected for study were 
those in the older age group who were undergoing major surgery and those 
who had a previous histor}^ of phlebitis. All blood samples were drawn and 
the determinations were done by one of us (R. S.). In the second series 
the blood samples were drawn by the members of the surgical house staff 
or medical student externes on the first and second or third postoperative 
da3^s. The determinations of prothrombin activity were done by one of three 
experienced technicians under close supervision. The method used for de- 
termining prothrombin activity is as follows, and is essentially that described 
by Quick.^° 

1. Preparation of thromboplastin. A fresh human brain is stripped of 
vessels, gross blood is washed off with normal saline, and the tissue macerated 
by beating at medium speed in an electric mixer. Water and lipids are ex- 
tracted with large volumes of acetone at low temperature; usually four 
changes of acetone are required. The granular mass is filtered and then 
placed in a vacuum desiccator, and the acetone removed by an oil suction 
pump. The dry powder is kept in a desiccator under refrigeration. For use, 
0.3 Gm. of the dry powder is suspended in 10 cc. normal saline and the 
mixture digested at 50-55° C. for 20 minutes with frequent shaking. It is 
then centrifuged at 1500 r.p.m. for five minutes and the turbid supernatant 
fluid pipetted off. This Is mixed with an equal volume of .024 M calcium 
chloride solution and the mixture placed in a water bath at 37° C. just prior 
to use. 

2. Standardization of thromboplastin. (Aggeler.’^’^) Determinations are 
run in quadruplicate on two fresh plasma samples from each of five normal 
individuals. Prothrombin times of whole plasma and dilutions of 60%, 40%. 
25%, 20%, 15%, 10% and 5% are determined and a curve constructed from 
the average values. Prothrombin activity of an unknown is calculated from 
this curve. 

Different individuals may obtain dissimilar results because of differences 
in reaction time, so they must run checks against each other or carry out 
separate thromboplastin standardizations. 

3. Sampling. Blood is drawn in a dry syringe, avoiding hemostasis as 
much as possible, and transferred to bottles containing dr)'- oxalate mixture 
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(.006 Gm. ammonium oxalate and .004 Gm. potassium oxalate in 5 cc. 
blood). Hemolyzed or partiall}'^ clotted blood is not used. 

4. Determination of prothrombin activity. Blood is centrifuged at 2000 
r.p.m. for 10 minutes and the plasma pipetted off. Determinations are run on 
whole plasma and on plasma diluted to 25% (1 :3) with normal saline. 0.1 cc. 
plasma is pipetted onto a clean watch glass which is placed in the water bath 
at 37° C. To this is added 0.2 cc. of the thromboplastin-calcium chloride 
mixture; at this moment the stop watch is started. The mixture is stirred 
constantly with a glass rod ; the end point is reached when clot formation 
is first observed. A black background facilitates observation of the end point. 
Determinations are run in triplicate. 

OBSERVATIONS 

The coagulation time in 20 postoperative patients was studied using the 
heparin-dilution method of Waugh and Ruddick.^ Two of these patients 
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Graph 1. — Hypercoagulability in postoperative period, with concomitant rise in 
whole plasma prothrombin activity and subsequent thrombosis. 

showed a decrease in coagulation time prior to the onset of clinically recog- 
nizable thrombosis ; however, the procedure requires 15 cc. of blood, takes 
30 minutes or more to complete, and the end point is difficult to standardize. 
At the same time, prothrombin activity of whole plasma was being deter- 
mined in these patients, and Graph I shows the results in one which influ- 
enced us to concentrate on the study of prothrombin. This patient had a 
transthoracic sympathectomy for hypertension, and on his second and third 
postoperative da 3 ’^s, the coagulation time was decreased. On his third post- 
operative day the prothrombin activity increased to over 100%, and late in 
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the afternoon minimal calf tenderness was noted. The following day the 
diagnosis of thrombosis of the leg veins was definite and he was treated 
with dicumarol. 

Graph II indicates the results obtained in the first series of 73 patients. 
Fifty-eight of the patients had no evidence of thrombosis during their post- 
operative course; the means of prothrombin activity of whole plasma are 
shown. (Graph II). There is a tendency for prothrombin activity to decrease 


POSTOPERATIVE PROTHROMBIN LEVELS 



DAY OF OP. POSTOPERATIVE DAYS 

Graph II. — Hyperprothrombinemia in 10 patients who 
subsequently developed venous thrombosis. Black dots 
represent single prothrombin determinations. The remain- 
ing 5 patients in this series who showed h 3 'perpro- 
thrombinemia received prophylactic dicumarol. 

until the third postoperative day with a return to preoperative levels usually 
by the sixth day. This return to preoperative levels occurs sooner in young 
individuals. Ten of the first 73 patients studied developed definite venous 
thrombosis as a postoperative complication. Their prothrombin levels are 
indicated by the black dots (Graph II). There was nothing significant noted 
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preoperatively or on the first postoperative day, but two patients had levels 
above 100% on the second da 3 ^ and all were above 100% by the third day. 
None of these ten patients had signs of thrombosis on the second or third 
days, but all developed definite signs within the next three days. Five of 
these patients were treated with dicumarol and five were not. In some of 

NORMAL POSTOPERATIVE PROTHROMBIN ACTIVITY 
250 PATIENTS 



Graph III. — Mean normal prothrombin activity in 250 
patients (second series). 

the untreated patients, the prothrombin level remained high after the third 
day, but the levels may be normal or even below normal when thrombosis is 
clinically evident. The remaining five patients received prophylactic dicu- 
marol because of hyper-prothrombinemia. 

Postoperative prothrombin activity has now been studied in 382 surgical 
patients. The levels in patients who do not develop thrombosis correspond 
very closely with the results obtained in the first smaller series. The pro- 
thrombin activity of the whole plasma during the first five postoperative 
days has averaged 61 to 66 per cent (12.4 sec. to 16.9 sec. — 15.5 sec. con- 
sidered 100%)* (Graph III and Tables I and II). The prothrombin activity 
of dilute plasma varies between 92 and 101% during this same period. The 
mean values obtained and statistical analysis of these values are presented 

*New thromboplastin of slightly greater potency was used for the determinations 
in the second series. 
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in Tables I and II. For statistical purposes, the levels on patients with 
hyper-prothrombinemia without clinical evidence of thrombosis are included 
with the control group. This tends to increase the coefficients of variation 
but these are still well within the probable limits of error of the method. 

A summary of the 382 cases is outlined in Table III. There were 73 
in the first series, and 309 in the second series. Three hundred and six 


Table II. — Postoperative Prothrombin Levels 
58 Normal Patients 


No. of Standard Coeff. of 

Patients Mean Deviation Variation 

100% 25% 100% 25% 100% 25% 100% 25% 


Preop. (A.Ml 56 50 18.3 32.2 1.25 2.82 .07 .08 

Postop. (P.M 20 13 19.0 36.7 1.78 2.31 .09 .06 

Post-op. 1 27 21 19.1 35.4 1.27 3.94 .07 .11 

Postop. II 32 26 18.9 33.7 1.31 2.58 .07 .08 

Postop. Ill 17 12 19.4 33.3 1.31 2.20 .07 .07 

Postop. IV 24 19 18.7 32.0 1.27 2.43 .07 .08 

Postop. V 15 12 18.5 33.9 1.79 3.46 .10 .10 

Postop. VI 8 7 17.7 31.5 1.71 2.27 .10 .08 


\Wiole Plasma 17.0 sec. = 100% activity. 
Dilute Plasma 29.2 sec. = 100% activity. 


patients or 80.1% did not have postoperative hyper-thrombinemia and did 
not develop thrombo-embolic complications. Sixteen patients developed 
thrombosis; all had hyper-prothrombinemia prior to the onset of clinical 
evidence of thrombosis. No patient in this series who had been studied on 
the first and second or third postoperative days developed thrombosis with- 
out having had preceding hyper-prothrombinemia. 


Table III. 


Coefficient 

Mean Standard of _ 

Number Seconds Deviation Variation 


Dt Day 

Whole Plasma 209 17.1 1.42 .083 

25% Plasma 213 27.2 2.72 .10 

2nd Day 

Whole Plasma 55 17.3 1.483 .086 

25% Plasma 56 26.6 3.02 .114 

3rd Day 

Whole Plasma 133 16.9 1.20 .071 

25% Plasma 135 25.7 2.30 .089 

Ath Day 

Whole Plasma 45 17.4 1.48 .085 

25% Plasma 45 26.5 3.16 .119 

5Wi Day 

Whole Plasma 23 17.1 1.18 ' .069 

25% Plasma 23 26.1 3.10 .119 


Whole Plasma 15.5 sec =100% activity. 
Dilute Plasma 25.8 sec. = 100% activity. 


Prophylactic dicumarol was administered to 41 patients in the series. 
Eighteen patients were started on the drug immediately after the operation 
because of a previous history of phlebitis or because of marked obesity or 
other factors which predispose to thrombosis. Twenty-three patients re- 
ceived prophylactic dicumarol beginning on the third postoperative day be- 
cause of a sudden rise in prothrombin activity (whole plasma) on that day. 
We would have preferred to treat fewer of these patients in order to obtain 
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a more accurate evaluation of the test, but the various members of the 
surgical service were so convinced of the significance of the hyperprothro- 
binemia that they were unwilling to allow their patients to go untreated. One 
of these 23 patients received inadequate dicumarol therapy and had a non- 
fatal pulmonary embolus on the 11th postoperative day. None of the remain- 
ing 40 patients treated with dicumarol had any thrombo-embolic complica- 
tion. 

Nineteen patients who had a positive test on the third postoperative day 
did not develop definitel}^ recognizable clinical evidence of postoperative 
thrombosis, and this group is worthy of careful analysis. There were 16 


Table IV .- — Incidence of Postoperative Hyper-Prothrombinemia and Thrombosis 



First 

No. 

Series 

% 

Second 

No. 

Series 

% 

No. 

Total 

% 

Total Cases 


100 

309 

100 

382 

100 

Controls 

S6 

76.7 

250 

80.9 

306 

80.1 

Thrombosis (Total) 

10 

13.7 

6 

1.9 

16 

4.2 

With hyper-prothrombinemia 

10 

13.7 

6 

1.9 

16 

42 

Without hyper-prothrombinemia 

0 

0 

0 

0 

0 

0 

Prophylactic Dicumarol (Total) 

S 

6.9 

36 

11.7 

41 

10.7 

With hyper-prothrombinemia 

S 

6.9 

18 

5.8 

23 

6.0 

Without hyper-prothrombinemia 

Hyper-prothrombinemia 

0 

0 

18 

5.8 

18 

5.7 

Without thrombosis 

2 

2.7 

17 

5.5 

19 

5.0 


males and 3 females. Seventeen patients of the 19 were out of bed on the 
first postoperative day, were made to walk and were not allowed to sit in a 
chair. The other two were made to exercise their legs. Ten of the nineteen 
had unexplained tachycardia and fever during the postoperative period, but 
because frank evidence of thrombosis did not develop, they are included in 
this group. It is probable that they had thrombosis, as many clinicians be- 
lieve that unexplained tachycardia and fever are signs of venous thrombosis, 
and are adequate reason for vein ligation or anti-coagulant therapy. It is 
noteworthy that five of these 19 patients had surgery performed under 
tourniquets. Infection is known to cause hyperprothrombinemia and was 
present in two cases — one had lymphangiitis with periphlebitis and the other 
had peritonitis. 

Ten patients in the control group of 306 came to autopsy; none had 
pulmonary emboli. During this same period, there were five other patients 
on the surgical service who died with emboli; four were the massive fatal 
type. None of these patients had been studied, as three had extensive 
metastatic carcinoma and the other two had surgery performed months be- 
fore death. 


DISCUSSION 

The first series of 73 patients, which has been discussed in detail else- 
where,^^ was small and careful^ controlled. Patients selected were those 
undergoing major abdominal or thoracic surgery, especially those with 
marked obesity or a history of previous thrombo-embolic disorders. It was 
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felt that if this test were to be of any value in the prediction of thrombo- 
embolism, it must be applicable to large numbers of patients under routine 
conditions. Therefore, a second series was studied comprising 309 un- 
selected cases operated on between December 1, 1947 and March 31, 1948. 
Blood samples were drawn b}’’ the various house officers, subject to con- 
siderable variation in technique and time of day as regards meals, parenteral 
fluid administration, etc. Major surgical procedures of many types were 
included. Determinations were performed in a routine manner by one of 
three individuals accustomed to the procedure. As might be expected from 
the type of cases selected, the incidence of thrombosis in the first series was 
mucli higher than in the second ; and the over-all incidence appears higher 
than is actually the case in this hospital because of the exclusion from both 
series of patients undergoing so-called minor procedures. The lower inci- 
dence of thrombosis in the second series is believed due to two factors: a 
wider selection of cases, and an increasing use of prophylactic dicumarol. 
In neither series did any patient on whom prothrombin levels were deter- 
mined develop thrombosis without showing increased whole plasma pro- 
thrombin activity prior to the onset of symptoms. 

The results obtained up to the present time indicate that the stage is set 
for postoperative thrombosis on the second or third postoperative days. 
This tendency to thrombosis can be detected by an increased prothrombin 
activity of the whole plasma. The prothrombin activity of dilute plasma 
shows greater variation and does not reflect the same characteristic change 
as is noted in the' whole plasma. The determination of prothrombin activity 
on dilute plasma is generally considered the more accurate method by work- 
ers in this field, so it is possible that the change noted in whole plasma is 
due to some factor in the clotting mechanism other than prothrombin. Fur- 
ther investigation will be required to settle this point. The hyperprothrom- 
binemia which has been found in patients who develop thrombosis occurs 
before the diagnosis can be made by clinical examination and is present early 
in the postoperative period (second or third postoperative day). When 
thrombosis has become definitely established, the prothrombin activity may 
be normal or even diminished. It is possible that the hyperprothrombinemia 
reflects beginning thrombosis in the small veins of the foot or calf or about 
the operative site. It has been present in patients who later developed either 
superficial or deep thrombosis. 

The data presented are not sufficient to permit sweeping conclusions, 
nor do we believe that the test is 100% accurate in all surgical patients. No 
patient has been studied who developed thrombosis without preceeding hyper- 
prothrombinemia, but not all patients who had a positive test developed 
clinical evidence of thrombosis. It is possible that many of this latter group’ 
did have thrombosis which was not clinically detectable or that the tendency 
to thrombosis suggested by increased prothrombin activity was overcome by 
early mobilization, active leg exercises, and other preventive measures. The 
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hyperprolhrombinemia in palienls who had tourniquets used in surgery of 
the extremities is of interest, and this feature is now being studied. 

At the present time we feel that all patients showing hyperprothrom- 
binemia on the second or third postoperative day are candidates for throm- 
bosis, and unless there are definite contraindications, these patients receive 
prophylactic dicumarol without any other modification of the postoperative 
routine. It does not seem necessary to reduce the prothrombin to danger- 
ously low levels when dicumarol is being used proph 3 'lactically. Heparin is 
used in the treatment of definite thrombosis until an adequate dicumarol 
etTect is obtained. Vein ligation has not been used in this series of patients, 
but hyperprothrombinemia might be considered as an indication for libation 
by advocates of this method of therapy. Our experience with this test is 
limited to patients who are not confined to bed for long periods following 
surgery. No data have yet been obtained on patients immobilized for long 
periods in traction. 


CONCLUSIONS 

1. A definite increase in prothrombin activity of whole plasma on the 
second or third postoperative day appears to be a warning of impending 
venous thrombosis. 

2 Postoperative hyperprothrombinemia is n valuable test in determin- 
ing which patients should receive prophylactic measures against thrombosis. 

3. Administration of dicumarol ivhen the hyperprothrombinemia de- 
velops is effective prophylaxis against thrombo-embolic complications. 
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Discussion'. — Du. Fuf.uf.uic W. Bancuoft, New York; I am intensely interested 
in the work Dr. Mahoney has done, because since 1928 I have been interested in the 
problem. Dr. Stanley-Brown and I, as man}’’ of you know, had worked out a clotting 
index. In our original scries we had about 1600 routine examinations of pre- and 
postoperative patients, in which we took the values preoperativc, five da 3 'S postoperative 
and nine daj's postoperative. We should have made this five-day examination earlier, 
as Dr. Mahoney has shown. We earlj' droi)ped from our list the antithrombin, which 
we felt was of no importance. We did prothrombin and fibrinogen determinations 
during the latter part almost entirelj' depending on the prothrombin test. It was not 
as accurate as that which Armand Quick developed for us at the Fifth Avenue 
Hospital. 

In our series we have had no accidents in those that did not have a high 
prothrombin content. We did have something similar to what Dr. Mahonej' stated ; 
a certain percentage that had high prothrombin times but did not develop external 
signs of thrombosis. However, in reviewing the charts we would universally find 
that they ran a higher postoperative temperature than the average case. No one in 
the low prothrombin group developed accidents. We had at that time the opportunity 
to examine a lot of patients throughout New York city who had embolic accidents, 
and all had high prothrombin after the accident with the exception of one case; that 
was an amputation of the breast, and there was definitely thrombosis of the bacillary 
vein and emboli in the lungs. I feel that if we can develop first, an idea of the type 
of patient that is going to develop thrombosis, and give that patient prophylactic 
therapy, we will do much better than if we ligate a lot of veins or if we overdose a 
lot of people with dicumarol or heparin, who probably don’t need it, and which raises 
the patient’s expense. If we can analyze our cases, or get our danger gauges, if only 
a few hours before the first physical signs appear, I think we will have made a 
great step forward, and I want to thank Dr. Mahoney for his excellent paper. 

Dr. Walter D. Wise, Baltimore: At a meeting of the Southern Surgical Asso- 
ciation in 1946, the statement was made that at Mercy Hospital, Baltimore, we had 
introduced the prophylactic use of dicumarol in postoperative cases, and that in a 
rather large series we had had a reduced incidence of thrombo-embolic cases and no 
deaths. This preliminary report was made with hesitation for fear it would be con- 
sidered not quite within the realm of fact. We now wish to quote larger figures over 
a longer period of time and feel more secure in doing so, after noting such statements 
as those of Barker and his group, the paper today and many other recent articles. 
Dicumerol has been used in our work because it can be used orally, is easier to 
regulate than heparin, and is far less expensive. Of course when a quick change is 
needed we use heparin. The prophylaxis program in actual practice includes various 
types of surgery, but for purposes of presentation and discussion the category where 
predisposition to throml o-embolic complications is most likely, in major pelvic and 
abdominal surgery, or combinations, has been selected. The number for the period 
1944-47 inclusive seems sufficiently significant for comparison and formulation of 
tentative conclusions. It must be said, however, that larger numbers are most desir- 
able, as well as a longer period of time before definite conclusions can be drawn 
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For the four-year petriod, 1944-45-46-47, there was a total of 5335 major 
abdomino-pelvic operations; 2330 cases were untreated, that is, they were not tested 
nor treated, with 25 thrombo-embolic complications, 9 embolic phenomena and 6 
deaths from pulmonary embolism. There were 3304 cases treated prophylactically with 
dicumarol, with four thrombotic complications, one pulmonary infarction and one 
death, probably not actually due to pulmonary embolism. This patient had car- 
cinomatosis with extensive involvement of tlie liver. She died after being in a 
comatose state for five days. There were no clinical symptoms of pulmonary embolism, 
but one was found at autopsy. She did not have dicumarol for about a week. 
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FROM THE BONE TUMOR SERVICE, MEMORIAE HOSPITAL, N. Y. 

INTRODUCTION 

There exists a specific type of malignant bone tumor, now designated 
as Endothelioma or Ewing’s sarcoma, which has justified its consideration 
as a disease entit}'' by reason of its characteristic age incidence, clinical course, 
therapeutic response, prognosis and the accumulation of a reasonable num- 
ber of acceptable cases. While the opinion of pathologists may be divided 
concerning the exact nature or origin of this lesion there now seems to be 
general agreement as to its distinct cytological features. 

B)!- earlier pathologists this tumor was undoubtedly classified with the 
heterogeneous and inclusive category "round cell sarcoma”. In 1866 Lucke®° 
first described a primar}^ bone tumor resembling endothelioma. Other reports 
followed and, in America, Howard & Crile®° reported 23 cases in 1905, four 
of which had been personally observed. Ewing revived interest in the condi- 
tion in 192H^ and did much to enhance our knowledge of it and to establish 
it as an important clinical entity.-* 

general DESCRIPTION 

Though a relatively rare disease, Ewing’s sarcoma occurs more frequently 
than any other primary malignant bone tumor except osteogenic sarcoma. 
It is an affection of childhood and adolescence with males afflicted twice as 
often as females. Arising in the medullary or subcortical portion of both 
long and flat bones and characterized by destruction rather than by produc- 
tion of bone, it later forms bulky swellings of the soft parts overlying the 
area of involved bone which often assumes a fusiform shape. 

Pain is predominately the first symptom of the onset of the disease and 
disability follows early and progresses proportionately. The onset is often 
insidious and early symptoms and signs may simulate a pyogenic infection 
of bone. Progress of the disease is quite variable, being very rapid in some 
cases while in others a fatal termination may be long deferred. The disease 
tends to metastasize not only to the lungs as in osteogenic sarcoma, but also 
to other bones, particularly the skull. 

The tumor shows marked radiosensitivity which may be a delusion for, 
while the early response to roentgen-rays may be most encouraging, the later 
complications of local recurrence and metastases are most discouraging fea- 

* Read before the American Surgical Association, Quebec, Canada, May 28, 1948. 
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tures. The end results, expressed in terms of 5-year recoveries, are extremely 
poor. 


MEMORIAL HOSPITAL SERIES 

Because of the paucity of published information concerning this tumor, 
it seems desirable to report the experience of the Bone Tumor Service of 
Memorial Hospital. During the thirty-year period from 1918 through 1947, 
there have been admitted to this clinic 179 patients with a tentative diagnosis 
of Ewing’s sarcoma. Some of this group were so classified on the basis of 
clinical findings alone and others on the basis of clinical and roentgenographic 
findings only. These have been excluded from our analysis along with some 
cases with tissue specimens for histologic study in which the original opinion 
has not been sustained but changed, on critical analysis and review, to reticu- 
lum cell sarcoma, neuroblastoma, metastatic carcinoma, eosinophilic granu- 
loma, etc. 

Of the original 179 there remain 91 cases with histologic proof that is 
acceptable to our pathologist on recent review^* These 91 cases have been 
selected for detailed analysis and form the basis of this report. Twenty- 
seven of this group have been registered with the Bone Sarcoma Registry 
of the American College of Surgeons and have been classified by them as 
Ewing’s tumor. 

For the determination of prognosis and end results onl}'- the 73 cases 
admitted between 1918 and 1942 are considered in order to allow for the 
lapse of a minimal interval of 5 years in determining survival rates. 

ETIOLOGY 

Sex. The general belief that males are afflicted about twice as frequently 
as females is supported by stud}^ of our 91 cases in which 63 or 69% were 
males and 28 or 31% were females. (Chart I.) 

Age. In the present series ages range from 5 months to 36 years, with 
an average age of 15 years for the group as a whole. In the 63 male patients 
the average age was 16.1 years and in the 28 females it was 12.4 years. 

It is readily apparent from Chart I that the peak incidence of Ewing’s 
sarcoma is in childhood and the adolescent years. It is striking that in only 
four cases of the entire series was the patient 30 years of age or older at 
the time of onset of symptoms, and that the oldest patient was only 36 years 
old. It is our belief that a diagnosis of Ewing’s sarcoma in a patient over 35 
years of age is open to question on the basis of age of the patient alone. 

Trauma. An occasional case of malignant bone tumor is reported from 
time to time in which trauma appears to have been a significant etiological 
factor. It is probable that trauma in many instances focuses the attention of 

*The authors are deeply grateful to Dr. Fred W. Stewart and Dr. Frank W. 
Foote for reviewing the microscopic pathology in all the cases included in this study. 

534 



Voluiiu' 12S 
Number 3 


ENDOTHELIOMA OF BONE 


physician and patient alike on a bone already harboring a tumor, a circum- 
stance referred to b}’’ Ewing as traumatic determinism, and it is incorrectly 
assumed to be the cause of the lesion. In fact, it is seldom that all of Segond’s 
six postulates'’'’ in establishing a traumatic relationship are satisfied in any 
given case and the postulates are not adequately satisfied in any of the cases 
in the present series. 

In 41 cases of this series there is no recorded information concerning 
the presence or absence of trauma and in 15 others trauma was specifically 
denied. Of the remaining 35 cases, seven alleged that a fall on, or a blow to, 
the part initiated symptoms after a short interval, while in 12 there was an 
interval of from two months to seven years between the alleged injury and 
the onset of symptoms. The described injury was vague or indefinite as to 
manner incurred and as to time relationship to the onset of symptoms in 16 
cases. (Table I.) 


Infection. In his original de- 
scription of this disease Ewing re- 
marked on the presence of an as- 
sociated or antecedent febrile ill- 
ness. Subsequently he expressed 
the view that if the theory of the 
bacterial cause of cancer had any 
foundation in fact then endothe- 
lioma (as well as lymphosarcoma) 
should provide the most fertile field 
for discovery or proof. AVe share 
this premise and are inclined to the 
belief that some obscure infection, 
perhaps virus in nature, may be 
found to be a factor in the develop- 
ment of Ewing’s sarcoma. It is a 
common observation that the early 
signs and symptoms of Ewing’s 
sarcoma suggest an underlying infectious process and Connor,’’^ in a review 
of the registered cases, reported 40% with a distinct history of early signs 
pointing to inflammation as an etiologic factor. He further showed that the 
histologic appearance of tissue seen in these cases may be indistinguishable 
from inflammation of bone. Meanwhile the actual causative factors of this 
form of bone sarcoma remain completely obscure. ‘ 

An associated infection was noted in the history of 11 of our cases. 
There were three upper respiratory infections, two sore throats and three 
exanthemata. 


NUMBER 

OF 

PATIENTS 



AGE IN YEARS 


30 


AGE AND SEX INCIDENCE OF 91 
CASES EWING’S SARCOMA 


Chart I. 


ANATOMIC SITE 

The site of the primar)i^ tumor is known in all 91 of our cases. Reference 
to Figure 1 will disclose the frequency with which the various parts of the 
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skeleton were involved in this series of cases. It will be seen that the femur, 
the primary site in 23 cases, was the most frequently involved bone. The 
bones of the skull and face, the carpal bones, the metacarpal bones, the 
ischium, and the phalanges were in no case the site of primary bone involve- 
ment. Bones of the right side of the body were involved primarily in 48 
cases, those of the left side in 40 cases, the sacrum being the only unpaired 
bone found as a primar}!- site in the remaining three cases. The bones of the 



upper extremity were primarily involved in 15 cases, the bones of the lower 
extremity in 45 cases, and those of the pelvic girdle in 16 cases. All of the 
ribs except the first, second, and twelfth were, in one or more cases, the 
site of the original tumor in a total of 15 cases. 

SYMPTOMS 

Ewing’s sarcoma differs little from other malignant bone tumors in 
symptomatology. Pain, swelling and disability constitute the major triad 
and, in Ewing’s sarcoma, fever may be an important additional symptom. 
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(Table II.) A review of the present series merely emphasizes the well recog- 
nized importance of pain, and especially pain at rest, as an indication of the 
presence of an expanding bone lesion and supports our admonition that per- 
sistent pain in any bone calls for a tentative diagnosis of a malignant bone 
tumor and thorough investigation of the case clinically, roentgenologically 
and histologically. 

Pain. Because of deplorable incompleteness of the medical records, no 
statement as to the presence or absence of pain is made in 13 of the 91 
cases. However, 74 patients complained of pain in the affected part, and six 
of tliese offered this as their only complaint at the time of their first visit 
to the clinic. Pain was usuall}^ described as aching or boring in character 
and not particularly relieved by rest. Severity varied considerably from a 
seemingl}^ mild degree to such intensity as to require opiates for relief. The 

Table I 

Aulcccdcn! iraKina in 91 cn.scs of Ewing’s scircoina 


No. of patients 

Trauma specifically denied 15 

No statement as to trauma 41 

Antecedent trauma recorded 35 

Definite trauma at onset of symptoms 7 

Definite trauma with stated interval 12 

Indefinite trauma 16 

Total 91 


Table II 


Pain . . . . 
Deformity 
Disability 
Fever . . . 


Symptoms in 91 Ca.<!es of Ewing's Sarcoma 

Present Denied Not Stated 

74 4 13 

or swelling 63 3 25 

31 5 55 

15 7 69 


severity appeared to depend upon the location of the lesion, involvement of 
contiguous structures, the presence of pathologic fracture, or the individual 
threshold for pain. In only four cases was pain specifically denied. But of 
the 74 patients complaining of pain 43 described it as their first symptom 
and 21 mentioned it secondarily to some other initial symptom — ^notably 
swelling (Table II.) In general pain is worse at night, is unrelieved by rest 
and, while it may be intermittent in the earliest stages of the disease, rapidly 
increases in persistence and severity. 

Swelling. If swelling is not the initial symptom, it usually follows the 
onset of pain promptly and in proportion to the amount of pain. In this 
series 63 patients complained of tumefaction in the affected part, three no- 
ticed no swelling or deformity, while in the remaining 25 case records no 
statement is made relative to a complaint of swelling. (Table II.) Swelling 
was the only complaint in six cases, 18 patients described it as their initial 
symptom, while 17 patients noticed swelling coincident with other symptoms 
— usually pain. 
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Disability. With most bone tumors disability, or loss of function, is a 
common secondary complaint. However, the disability appears early in 
Ewing’s sarcoma and increases in proportion to the degree of pain and swell- 
ing which, per se, produce the disabilit}’. The pain resulting from movement 
of muscles and tendons over the tumor contributes to the disabilitj'^ which 
is enhanced by the protective mechanism of neighboring joints seeking to 
maintain the phj'^siologic position of rest. A patient suffering the t3'pe of 
pain characteristic of this disease will invariably faA’^or the affected part and 
will accordingly experience loss of function. 

All but two of the 31 patients complaining of loss of function had primary 
involvement of the bones of the pelvis or lower extremity so that disability in 
walking or standing was complained of as might be expected. Two patients 
had a pathologic fracture to account for their disabilit)'^ when first seen in 
the clinic. 

Fever. As a subjective com- 
plaint fever, \vith or without chills, 
was noted in IS of the 91 cases, it 
was specifically denied in seven 
cases and was uncertain or not 
stated in the remaining 69 cases. 
(Table II.) A rib was the primary 
site of involvement in six patients 
who complained of fever and in 
three of these fever was the only 
complaint on admission to the 
clinic. Subsequent febrile attacks 
were not uncommon and, in a 
treated case, may be the first warn- 
ing of local recurrence or metas- 
tasis. 

Miscellajicous. Numerous and variegated concomitant complaints are 
to be anticipated in a highly malignant tumor of this nature and depend 
largely upon the site of the primary tumor. Thus, symptoms of cough, 
shortness of breath, .chest pain and voice change were presented in cases 
with primary rib involvement and are to be expected in patients with pul- 
monar}" metastases. Anorexia was complained of by two patients and 19 
patients mentioned weight loss varAdng from two to 40 pounds over time 
intervals varying from two months to two years. Loss of weight is not un- 
usual with any patient harboring a malignant tumor. It should not be re- 
garded as an early symptom, and is more apt to ensue from lack of sleep and 
loss of appetite resulting from pain and disabilit}^ than from actual tumor 
growth. 

PHYSICAI. FINDINGS 

In the local examination it is important to note the color and texture of 



MONTHS 

SURVIVAL BY HALF-YEARS FROM TIME 
OF DEFINITIVE TREATMENT TO DEATH 


Chart II. 
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the overlying skin, the presence of local heat or tenderness, the existence of 
a palpable tumor and its mobility in relation to the bone and the position of 
rest assumed by the patient to obtain maximum comfort. The complete gen- 
eral examination should include a search for involved lymph nodes, bone 
or soft part metastases, and recording of clinical temperature in addition to 
the laboratory studies described below. 

Several of our cases had received preliminary treatment elsewhere so that 
a description of the earl}' findings was not always available. However, data 
sufficient to be of statistical value were obtainable in 86 of the cases. 

Palpable Tnmor. Of the 86 cases in which some information is pro- 
vided 54 patients presented a palpable tumor and nine presented no demons- 
trable tumor or swelling in the affected part. Of the remaining 23 patients 
14 had been treated surgically elsewhere (amputation or resection) and nine 
had been treated with roentgen rays or radium and no palpable tumor was 
found on admission to this clinic. The tumor was described as being dis- 


Tatux III 

Physical Findings in 91 Cases of Etuing’s Sarcoma 

Present Absent* Not Stated 

Palpable tumor 54 32 5 

Tenderness IS 19 57 

Local heat 6 4 81 

Local redness 2 7 82 

Temperature elevation 52 30 9 

Limitation of motion 12 7 72 


Crete, regular, smooth and fusiform in shape in 12 cases, as nodular in three 
cases, and diffuse or indefinite in five cases. The consistency of the tumor 
was variously described as being firm, moderately hard or bony hard in 38 
cases and as soft and fluctuant in three cases. (Table III.) 

It should be borne in mind that actual bony swelling due to tumor growth 
is usually noted early but may be masked by an attendant soft part atrophy 
of disuse due to disability. Thus inspection and circumferential measure- 
ments might be misleading but careful palpation will frequently reveal the 
existence of actual bone enlargement or swelling. 

Tenderness. Local tenderness was elicited in 15 patients of this series. 
It was specifically absent in 19 patients and no comment was made regarding 
tenderness in the remaining 57 patients. 

Local Heat and Redness. In this series local heat was present in six cases 
and absent in four. Local redness was described in two patients and absent 
in seven. No mention is made of the presence or absence of these findings 
in the remaining cases. In view of the fact that Ewing’s sarcoma may re- 
semble acute infection of bone, the evaluation of the findings of local tender- 
ness, redness and heat may have considerable significance in the differential 
diagnosis and, while sometimes present in Ewing’s sarcoma, they are not apt 
to be as marked as in inflammatory lesions. 

(* Note; 23 patients bad previous treatment elsewhere and might be expected to have altered 
physical findings.) 
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Limitation of Motion. In any painful lesion of bone considerable volun- 
tary limitation of motion is to be expected. The limitation, however, is sel- 
dom if ever mechanical as actual joint involvement is rare even with 
extensive disease. In 12 of our cases it was noteworthy while in seven cases 
there was no limitation. No mention is made regarding this finding in the 
other 72 case records. 

Fever. The presence of an elevated temperature in Ewing’s sarcoma is 
frequently enough encountered to warrant its consideration as an important 
physical sign. It may occur with the onset of symptoms when the tempera- 
ture chart ma}’^ closely resemble that of an 
acute inflammatory process in bone or it may 
be the first and only sign of local recurrence 
or metastasis. A temperature elevation above 
100° F. was observed in 52 patients in our 
series during their hospitalization. Of these 
there were 27 who presented various complica- 
tions such as fungating wounds, cord bladder, 
pulmonary metastases, etc., which, of them- 
selves, might account for the elevated tempera- 
ture. There was no obvious explanation for 
the elevated temperature in the other 25 cases 
other than the tumor itself. Thirty patients 
had no recorded temperature above 100° F. 
during their- hospital stay although 5 of them 
complained of chills and fever, and there is no 
record of the temperature in the 9 remaining 

Fig. 2. Roentgeno- cases who were never hospitalized, 
graphic appearance of early 

subcortical lesion of Ewng’s 

sarcoma of the left ulna LABORATORY FINDINGS 

in a 17-year-old female. 

Roentgenogj-aphic. Ewing’s sarcoma is 
generally believed to present a characteristic roentgenographic appearance. 
The classical findings are those of an osteolytic lesion of bone irregular in 
outline, apparently of central or subcortical (Fig. 2) origin and rapidly in- 
volving the entire circumference when arising in a tubular bone (Fig. 3). 
There is “onion-peel” appearance of the overlying periosteurh which is due 
to reactive bone formation rather than tumor invasion and imparts a fusi- 
form shape to the tumor. Later there may be an associated soft part involve- 
ment visible on the roentgengram. 

This typical appearance is not always found and was noted in only 12 
of the patients in this series while a close resemblance was described in 12 
additional cases. In 16 cases the roentgenogram of the early initial lesion 
was unavailable or unsatisfactory for interpretation. In the remaining 51 
cases the report on the roentgenographic examinatibn was non-informative 
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or the appearance more closely resembled some other condition such as osteo- 
genic sarcoma, reticulum cell sarcoma, inflammatory disease, etc. (Fig 4a.) 

The diaphysis of long bones is usually the primary site of involvement 
but occasionally the metaph 3 'sis may be the site of origin. A study of the 
early roentgenograms available in 45 cases in which the tubular bones were 
involved revealed origin in the diaphysis in 37 cases (82%) with early spread 
of the disease to the metaphysis in 8. The disease began in the metaphysis in 



Fig. 3. — Classical appearance of Ewing’s sarcoma 
involving the upper shaft of the femur in a 27-j'ear-old 
male. 


8 cases (18%) with early spread to the diaphysis in 1 case. Later in the 
course of the disease nearly the entire bone may become involved. 

Atypical and varied findings are to be expected in the flat bones (25% 
of the cases) and even in the long bones unusual and bizarre appearances 
may present themselves to the extent that pathologic examination is neces- 
sary to establish a diagnosis (Fig. 4a). 

Blood Studies. The blood levels of calcium, phosphorus and phosphatase 
are always desirable in the evaluation of bone lesions. In Ewing’s sarcoma 
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these values are seldom abnormal. In the late stages of the disease with 
rapid and extensive bone destruction the calcium might be elevated. If patho- 
logic fracture has occurred some rise in phosphatase may occur as a result 
thereof although a slight elevation in the phosphatase level ma)' be found in 
Ewing’s sarcoma. 

Serology should also be obtained in all patients with a bone tumor as 
syphilis is protean in its manifestations and may resemble any type of tumor 
particularly Ewing’s sarcoma. Serologies were recorded in 27 of our cases 
and were negative in ever}' instance. 


Because Ewing’s sarcoma may resemble in- 

> flammatory bone disease in many instances the 

white blood count may have considerable sig- 

nificance. While leukocytosis may occur it is not 

,, as apt to be as marked in Ewing’s sarcoma. In 

our series of 91 cases white cell counts are 

‘ recorded in 67 and a total white cell count in 

excess of 10,000 was present in only 26. Some 

I* 'I these elevations in cell count might well have 

P been due to coincident conditions such as infected 

>" ; or fungatmg wounds, pulmonary metastases 

- A with pneumonitis, etc. However, 12 of the 26 

patients, or 18% of the 67 cases, presented no 

recognized cause for the leukocytosis other than 

the presence of the tumor. In these cases the 

leukocytosis varied from 10,000 to 13,800 with 

f no significant variation in the differential count. 

Histology. Aspiration biopsy, or, if neces- 

sary, formal'biopsy prior to any form of therapy 

is necessary in all cases to establish the diagnosis 

beyond all doubt. All 91 cases in this series had 

^ pathologic examination of representative tissue 

and have been classified by the pathology depart- 

Fig 4. (a.) — Ewing’s ment of Memorial Hospital as Ewing’s sarcoma, 
sarcoma of the right tihia , . , . . . , • , . 

in a 30-year-old male. Un- the histologic picture of these cases is that 

usual roentgenographic ap- gf ^ neoplasm showing, in areas, crowding of 
pearance resembling fibrous _ ’ ° 

dj'splasia or reticulum cell cells in broad sheets and, in other areas, rela- 

sarcoma. tively few cells surrounded by a loose, often 

vacuolated, cytoplasm, often with areas of necrosis, degeneration and 
hemorrhage. Cells may occasionally be seen in pseudo-rosette arrangement. 
The cell itself is characterized by a round or ovoid nucleus with one or more 
nucleoli and frequently a poorly delimited cell membrane. Leukocytic in- 
filtration is common and is sometimes of such a degree as to obscure the 
true underlying neoplastic nature of the lesion (Fig. 4b). 
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DIAGNOSIS 

Ewing’s sarcoma may simulate oilier malignant bone tumors as well as 
certain non-neoplastic lesions of bone. Of the former, the most important 
are osteolytic varieties of osteogenic sarcoma (Table IV), reticulum cell 
sarcoma of bone and metastatic neuroblastoma. The roentgenographic fincl- 



Fig. 4. (b.) — Same case. Characteristic microscopic 
appearance of Ewing’s sarcoma. 


Table IV 

Roenigcnographic Differential Diagnosis 
betzueen Ezving’s Sarcoma and Osteogenic Sarcoma 


Ezving’s Sarcoma 

1. Location — usually in cliaphysis 

2. Expands shaft 

3. Extent — usually more than half the length 
of the hone 

4. Osteolytic 

5. New bone is reactive and laid down parallel 
to the long axis of the bone 


Osteogenic Sarcozna 

1. Location — usually in metaphysis 

2. Fails to expand shaft 

3. Extent — involves less than half the bone 

4. Usually osteoblastic 

5. New bone is largely “tumor bone” and is 
laid down irregularly often radiating at right 
angles to the long axis 


ings are significant. Those characteristic of this type of tumor are extensive 
involvement of the shaft, and irregular cortical destruction associated with 
subperiosteal reactive new bone formation, giving rise to the laminated or 
onion skin” appearance. This picture in some instances may be closely 
approximated by osteomyelitis; in fact the diagnostic difficulty is increased 
when fever and leukocytosis are present. Eosinophilic granuloma in its early 
stages may also offer difficulties in roentgenographic interpretation although 
the s3TOptoms here are usually milder and tTie bulky soft-part tumor is lacking. 
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Owing to the difficulties of establishing a diagnosis based on clinical and 
roentgenographic criteria alone, we feel that every suspected case should have 
microscopic confirmation. Furthermore, since even mild exposures to roent- 
gen rays may result in an incorrect and totally misleading histologic inter- 
pretation, we would emphasize the importance of performing the biopsy 
prior to the use of roentgen therapy. So highly radiosensitive is this tumor 
that even mild exposures will obliterate all recognizable features of the lesion 
and change the picture to one suggestive of inflammatory or necrotic tissue 
(Fig. 5). 

While there is as yet no universal acceptance of the principle of aspira- 
tion biopsy as a means of affording material for histologic study, it is worthy 



Fig S. (a) — Destructive lesion in upper end of left femur in a 12- 
year-old female. Biopsy after radiation therapy had been started was 
interpreted as chronic osteitis (b.) Unusual course of the disease 
prompted a second biopsy 1^2 years latyr which revealed Ewing’s sarcoma. 

Patient died of multiple metastases six months after the second biopsy. 

of note that this method has proved most successful in establishing the 
diagnosis of Ewing’s sarcoma. In 42 cases of this disease’^® in which it was 
employed, the pathologist was able to make a specific diagnosis in 31, and 
to report six additional cases as malignant tumor. We must concede, how- 
ever, that in most clinics a biopsy by direct surgical approach will afford a 
safer means of identifying the suspected lesion. If a surgical biopsy is per- 
formed the wound should always be closed in layers without packing or 
drainage. Should one encounter material that is suggestive of pus, cultures 
should be taken but the possibility of Ewing’s sarcoma should not be ex- 
cluded until sections have been studied by the pathologist. 
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TREATMENT 

Two patients in this series, after examination and diagnosis, were re- 
ferred back to their own physicians ; the remaining 89 cases received some 
form of therapy at Memorial Hospital. In most instances more than one 
therapeutic agent was employed. These will be considered in turn, and the 
comparative value of the various methods will be discussed with the end 
results. 1 I 

Surgery. In this series of 91 cases 115 surgical procedures were carried 
out. The majority of these were incision and drainage (performed under 
the mistaken diagnosis of osteomyelitis), open biopsies, and aspiration 
biopsies, and were employed for purposes of diagnosis rather than for therapy. 
There were, however, 33 definitive surgical procedures performed in an 
effort to eradicate the tumor; these comprised 18 amputations and 16 seg- 
mental or partial resections. 

Roentgen therapy. In this series, 69 patients received roentgen therapy 
to the primary tumor. Since there have been many changes and advances in 
this field in the past tliirty years, the treatment administered in each indi- 
vidual case naturally reflects the equipment and technic in vogue. Thus the 
early cases were treated empirically in teims of time of exposure to beams 
of unknown intensity. The majority, however, were treated with multiple 
converging ports and fractionated doses with high voltage machines (200 
KV or 250 KV), usually at target-skin distances of 50 or 70 cm. The size 
and number of the ports varied with the particular lesion being treated. It 
is impossible to state with any degree of accuracy the total skin doses thus 
administered. Furthermore, it is the tissue (or tumor) dose which is the 
important factor to consider and this could not be estimated from the data 
available. Only one patient received 1000 KV therapy. 

The initial response of the lesion, when recorded, was in every instance 
clinically gratifying and serial roentgenograms revealed .evidence of bone 
regeneration in most cases. 

Radium. Radium was administered in 32 cases. This was usually in the 
form of surface irradiation from a 4-Gm. radium element pack placed at 
6 to 10 cm. distance, the size and number of the surface portals varying with 
the particular lesion being treated. In two cases gold filtered radon seeds 
were inserted into the tumor, and another patient received small quantities 
of radium chloride intravenously. The clinical response in most instances 
was similar to that obtained with roentgen therapy. 

Toxins. Fifty-five patients in this series received one or more courses 
of Coley’s Toxins (the mixed toxins of erysipelas and Bacillus prodigiosus, 
Shear’s filtrate, etc.). A course usually consisted of from 10 to 12 intra- 
muscular and intravenous injections beginning with a dose of a fraction of 
a minim and progressively increasing in accordance with the patient’s re- 
sponse to each injection. No one in this series was treated with toxins alone. 
From the data available it is difficult to evaluate objectively the exact effect 
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of the toxins on the disease but it is -our belief that Ewing’s sarcoma is one 
type of malignant neoplasm that shows a favorable response to Coley’s toxins 
when used in conjunction with other therapeutic agents. 

Miscellaneous. In the earlier years covered by this series one patient was 
treated with intravenous .injections of colloidal lead, and in later years three 
patients received small quantities of radioactive phosphorus. In each instance 
these medications were employed experimentally and in conjunction with 
other methods. No unusual benefits were noted. 

Pathologic Fracture. The occurrence of 
pathologic fracture in Ewing’s sarcoma has not 
been emphasized by most writers. As with any 
osteolytic lesion of bone this complication might 
be expected to occur not infrequently. In the 
present series of 91 cases a pathologic fracture 
occurred in 19 or 21 per cent. Six of these had 
occurred shortly before the time of admission or 
were discovered at the actual time of admission. 
In 14 of the 19 cases the pathologic fracture oc- 
curred through the site of the primary bone lesion 
(Fig. 6) while in the remaining five it occurred 
at the site of osseous metastasis from a primary 
lesion elsewhere. Only one pathologic fracture 
was encountered in the humerus. The remaining 
18 all occurred in the bones of the spine, pelvis, 
or lower extremity where weight-bearing prob- 
abl}'^ served as a precipitating factor. The in- 
cidence of pathologic fracture and the bone in- 
volved is recorded in Table V. 

Local Recurrence. In this series there were 
18 patients who presented either a microscop- 
ically confirmed, or clinicall}'- unequivocal, recur- 
rence at the site of the primary lesion from two 
months to three 3 '^ears following the institution 
of therapy to the primary lesion. An analysis 
indicates that in eight cases the recurrence may 
have resulted from an inadequate dose of 
roentgen ra)fs or radium. This statement is made after a very rough approxi- 
mation of the amount of irradiation apparently administered to these eight 
patients plus a comparison of these values with the arbitrary values deter- 
mined by Woodard and Coley®' for the sterilization of Ewing’s sarcoma. 
Judging by the same standard five of the remaining patients seem to have 
had an adequate tissue dose administered but tlie skin portals are believed 
to have been inadequate to cover the entire extent of the underlying tumor. 
The last 5 patients in this group seem to have had local recurrences as a 
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p'lG. 6. — Pathologic 
fracture through primary 
Ewing’s sarcoma of the 
femur 8 months after ra- 
diation therapy had been 
instituted. High thigh am- 
putation was done but pa- 
tient died with multiple 
metastases 10 months after 
amputation. 
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result of inadequate surgery ; two had simple rib resections instead of chest- 
wall resection for tumor of a rib, two had high thigh amputation and one 
had a mid thigh amputation for tumor of the femur, instead of hipjoint 
disarticulation. 

N enrol ogfc Disorders. As a result of cerebral or spinal metastases 
neurologic disorders occurred with sufficient frequency to warrant discus- 
sion as a separate, frequent complication. Fifteen patients (16 per cent) of 
this series had objective evidence of a neurological lesion at some time dur- 
ing the course of their illness. Two patients with primary Ewing’s sarcoma 
of the sacrum had symptoms and signs of sacral root involvement evidenced 
by urinar}^ retention, constipation, and lower abdominal or leg pain. Eight 
patients had complete paraplegia believed to be due to a transverse myelitis 


Femur . 
Vertebra 
Tibia . . . 
Rib .... 
Humerus 
Pubis . . 


Table V 

Pathologic Fracture in 19 Coses 
(series o£ 91 cases of Ewing’s sarcoma) 

Bone Involved Cases 

10 (one metastatic) 

3 (all metastatic) 

2 

2 

1 (metastatic) 

1 


Total 


19 


in the dorsal cord produced by metastasis. One of these patients also had 
loss of vision and an ophthalmoplegia, another had a right facial paralysis 
in addition to his paraplegia, and another had facial paralysis and inability 
to swallow. One patient developed a quadriplegia. The remaining two had 
urinary retention with episodes of incontinence believed to be due to lower 
cord metastases. All of these patients were, of course, in the terminal phase 
of their disease and none survived for long. 

Miscellaneous. There were a variety of complications exhibited by iso- 
lated cases. One patient with a primary rib lesion developed an empyema, 
and another apparently died of asphyxia from massive local disease. One 
patient, with a primary Ewing’s sarcoma of the sacrum, had a "spontaneous 
pneumothorax” believed to be due to extensive intrathoracic mestastases. 
One patient, with a primary femoral lesion, developed thrombophlebitis in 
the affected leg. 

METASTASES 

More consistently than is so with any other type of bone neoplasm, 
Ewing’s sarcoma is apt to metastasize early and to produce wide dissemina- 
tion of the disease. In 11 of this series of 91 cases there was no available 
information concerning the occurrence or location of metastases ; all died of 
the disease and probably did have metastases that were unrecognized or were 
not apparent at the time of last examination. Six additional cases are either . 
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alive and free of disease or have died of other causes without known me- 
tastases. The remaining 74 cases have been analyzed and provide informa- 
tion regarding the location and behavior of metastases. 

Anatomic location. Since autopsies were performed in only 14 of the 
cases, the anatomical site of metastases herein tabulated is based on clinical, 
roentgenographic and only occasionally, on pathologic (biopsy and autopsy) 
examination (Table VI). In 47 cases the lungs were found to be involved 
by metastases, usually multiple and discrete. Next in order of frequency was 

Table VI 

Location of M etastascs 

(based on clinical findings in 74 cases of Ewing’s sarcoma, 
dead or living with disease.) 


Site Cases 

Lungs 47 

Skull and scalp 32 

Vertebrae 21 

Bones of pelvis 20 

Lymph, nodes; 

Groin 9 

Axillary 4 

Supraclavicular and neck 3 16 

Femur 14 

Humerus 11 

Orbit 9 

Ribs 9 

Pleura 8 

Intracranial 6 

Abdominal viscera S 

Tibia 4 

Mandible 4 

Skin and soft parts 4 

Mediastinum 3 

Scapula, clavicle, radius, sternum and fibula, 

one each S 


the skull and scalp which showed metastases in 32 cases. The bones of the 
pelvis were involved in 20 cases, the spinal column in 21, the femur in 14, 
and the humerus in 11 cases. Many other sites were occasionally involved 
by metastases as indicated in Table VI. It is obvious from this study that the 
next most common site for metastases, after the lungs, is the other bones of 
the skeleton, and that the lymph nodes and viscera were believed to be in- 
volved in only five instances. 

As has already been stated the occurrence of neurological complications 
in Ewing’s sarcoma is more frequent than chance alone would allow. The 
vertebrae were involved by metastases in 21 instances, and the intracranial 
region in 6, each of which might have induced neurological complications. 
The occurrence of metastasis to the bones or soft tissues of the orbit in nine 
cases is likewise noteworthy and one of us witnessed a case in which both 
eyeballs protruded from their sockets and ruptured before death. 

' The distribution of metastasis as determined at autopsy in 14 cases is 
• shown in Table VII. 

t 
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Char act crhtics of Meiastases. On the basis of a study of 74 cases it 
may be said that, in general, metastases possess the same characteristics as 
the primary tumor. When superficially located they often present a palpable, 
firm, and possibly slightly tender tumor. Pain is frequently referable to the 
metastases. As has been suggested, the occurrence of fever in a patient that 
has had Ewing’s sarcoma usually indicates metastases or local recurrence. 
The roentgenograph! c appearance of the metastases as well as the primary 
tumor is invariably one of osteolysis. Obviously the anatomical location of 
the metastasis chiefly determines its behavior; thus, chest metastases are 
often associated with cought, pulmonary suppuration, expectoration, and 
fever, but rarely hemoptysis. Metastases in the skull may be relatively pain- 
less while those in a vertebra ma}^ be extremely painful and associated with 

- Table VII 
Location of Metastases 

(Imscd on aulops}' findings in 14 cases of Ewing’s sarcoma.) 


Site Cases 

Ltings 9 

Pleura 8 

Mediastinum 6 

Skull and scalp S 

Bones of pelvis 5 

Ribs 5 

Vertebrae 4 

Femur 3 

Dura 3 

Humerus 3 

Soft tissues 3 

Tibia 2 

Orbit 2 

Retroperitoneal nodes 2 

Liver 2 

Pericardium L 2 

Fibula, brain, mandible, axillary nodes, dia- 
phragm, spinal cord, one each 6 


(Note: The peripheral bones and brain were not examined in all cases.) 


radicular pain. The metastases of Ewing’s sarcoma are apt to be progres- 
sively less radiosensitive as multiple areas make their appearance. 

Treatment of Metastases. By the time metastasis has occurred in Ewing’s 
sarcoma the chances of a cure are nil. For this reason probably, and because 
of the extreme radiosensitivity of these lesions, the treatment of metastases 
in this series has been practically confined to roentgen therapy. Of the 74 
cases presenting metastases, no treatment was administered to the secondary 
lesions in 20 cases because the metastasis was relatively asymptomatic or 
because the patient was in the terminal stages of the disease. In the remain- 
ing 54 cases the following methods were employed: roentgen therapy in 42 
cases, radium element pack in two cases, and both of these agents in eight 
cases. In the remaining two cases the metastases were treated with surgery ; 
a thyroidectomy was performed in one under the misapprehension that a 
primary thyroid tumor existed, and in the other, a groin dissection was per- 
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formed at the time of hipjoint disarticulation for a Ewing’s sarcoma of the 
tibia with metastasis to the groin nodes. The results obtained by all of these 
methods proved gratifying since in almost every instance the patient showed 
symptomatic improvement for a time and since there was frequent objective 
evidence of complete disappearance of the metastases. Whether the treat- 
ment of the metastases materially lengthened the patient’s life cannot be 
determined, but it certainly appears to have rendered the remaining days 
more comfortable. 


END RESULTS 

Four patients in this series of 91 cases were lost to follow-up ; all were 
living with disease at the time of their last examination. One other case, in 
which the autops}'' was performed at Memorial Hospital, had but a meagre 
clinical record. These five must necessarily be considered as treatment fail- 
ures but there is too little information available to include an}^ one of them 
in an estimate of survival rates. Of the remaining 86 patients, 12 are living. 
One other patient (Case 3) lived for 14 years and 7 months and then died 
of an intercurrent episode of acute appendicitis with ijeritonitis but without 
evidence of a recurrent or metastatic tumor, so he must be regarded as a 
therapeutic success. The group of fatalities include 73 patients who have 
been followed to their death from Ewing’s sarcoma. 

Deaths. The time interval between the institution of definitive therapy 
and death in all 73 cases is known. The shortest interval occurred in a pa- 
tient who succumbed to wide dissemination of the disease one week after 
admission to the hospital. The longest interval, 5 years and 7 months, was 
noted in a case treated with roentgen rays and thigh amputation. According 
to Chart II if the interval between treatment and death is analyzed by six- 
month periods it will be noted that more patients died during the second 
half-year following treatment than in any other half-year period. The aver- 
age survival from the time of treatment to death in these 73 cases, however, 
was 18.7 months. 

Autopsies were performed in 13 of the 73 cases, as well as in one other 
of the entire series of 91 patients (15.5 per cent). In all 14 cases a diagnosis 
of Ewing’s sarcoma had been established by biopsy or had been seriously 
considered clinically. It is felt, therefore, that even where the protocols fail 
to mention it, a careful search was made in each, instance to uncover unsus- 
pected clinical evidence. No finding is recorded that is at variance with the 
clinical diagnosis of primary Ewing’s sarcoma of bone. Other than the 
primary tumor and its metastases there were no constant autopsy findings 
recorded, except that the majority of patients appeared to have had broncho- 
pneumonia, atalectasis, or pulmonary edema which, in these cases, was be- 
lived to be the immediate cause of death. 

Living Patients. Twelve patients in this series are living. Seven of these 
are now alive with evidence of dissemination of disease which either is 
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under treatment or appears to be temporaril}^ under control. Five patients 
are living and well without evidence of recurrence or metastasis. 

Five-year, survival. For the purpose of computation it is obvious that 
the twenty-five 3 ^car period from 1918 through 1942 must be employed. Of 
the 73 patients wlio were first examined at Memorial Hospital during this 
period, only, 3 lived without evidence of recurrent or metastatic disease for 
a period of five or more 3 'ears following the institution of definitive therapy. 
Two of these patients are alive and well today 6^2 3 "ears and 12 years follow- 



Fig. 7. (a.) (Case I) — ^Atypical appearance of Ewing’s sar- 
coma in lower end of left fibula. Ewing made the diagnosis on 
open biopsy, (b.) Roentgenogram 5 years after resection of 
tumor bearing segment of fibula with stabilization of the mortise 
by means of 2 vitallium screws which were subsequently 
removed. 

ing treatment. The third patient lived for 14^2 3 '-ears following treatment 
and then died of acute appendicitis with peritonitis but without evidence 
of a recurrent or metastatic tumor. 

CASE REPORTS 

Case 1. — B. C., aged 22, was admitted to the Ruptured and Crippled Hospital 
on June ll, 1941, complaining of a “lump” just above the left ankle of IJ^ years 
duration attributed by the patient to a kick. He complained of moderate pain in 
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this area ever since the injury. Prior to admission, an open biopsy had been per- 
formed elsewhere and 10 roentgen ray treatments had been administered. On June 
12, 1941, resection of the lower end of the left fibula was performed with fixation 
of the remaining fragment to the tibia with screws (Fig. 7). A review of the slide 
of previous biopsy was reported as Ewing’s sarcoma of bone. The pathologic 
examination of the surgical specimen showed no residual tumor present. The pa- 
tient was discharged from the Ruptured and Crippled Hospital on June 30, 1941, 
and then referred to Memorial Hospital for further follow-up. The patient was then 
seen at frequent intervals and remained symptom free. On March 23, 1946, he 
was admitted to Memorial Hospital and 2 days later under local anestliesia, the 
vitallium screws were removed from the left lower leg. Since that time, the pa- 
tient has remained symptom free with no functional loss. He was last seen and 
found to be free of disease on January 28, 1948, 6^ years after original treatment 



Fig. 8. (a.) (Case 2) — Ewing’s sarcoma of upper right humerus con- 
firmed by open biopsy. Treated with roentgen rays and Coley’s toxin. 

(b.) Roentgenographic appearance 10 years later. Patient alive and well 
12 years. 

Case 2. — L. L., aged 13, was admitted to Memorial Hospital on April 14, 1936, 
stating that one year previously he noticed the onset of aching pain in the upper 
portion of his right arm. The pain increased in severity during the next two months 
so that the patient consulted a doctor who stated that he had a tumor. On July 
4, 1935, at another hospital an open biopsy was performed which substantiated the 
diagnosis of tumor but temporarily relieved the patient of his pain. Because of the 
recurrence of pain the patient was referred to this institution. Physical examination 
revealed a firm nodular tumor underlying the previous biopsy scar which was non- 
tender and which did not appreciably interfere with the function of the arm. A 
review of the biopsy sections was reported as showing endothelioma of bone. Fol- 
lowing his open biopsy in July, 1935, the patient had been given 1870 rx2 high 
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voltage therapy elsewhere. In this institution, the patient was given 1500 rx 3 higli 
voltage roentgen ray treatment and was then admitted to the hospital for a course 
of Colej^’s toxin. He received a total of six intramuscular injections and was dis- 
charged improved. Although the patient was symptom free and showed no signs of 

recurrence of the tumor, in July of 1936 he was given 



Fig. 9 (Case 3) — Early 
roentgenogram. Clinical di- 
agnosis , of osteomyelitis. 
Biopsy interpreted as osteo- 
sarcoma and later revised 
to EAving’s sarcoma. Pa- 
tient remained well 14 
years and died of acute ap- 
pendicitis with peritonitis. 


further high voltage roentgen ray therapy in this insti- 
tution for a total of 1000 rx3 to the right upper 
humerus. As a result of these two courses of radiation 
therapy, it was estimated that the patient received 
doughl}’- 6,025 r tissues dose in the tumor. The patient 
has since been followed in this clinic as well as by his 
local phj'sician and has remained free of disease and 
shows only some atrophy in the region of the right 
shoulder presumably secondary to his roentgen ray 
therapJ^ The patient was last examined on November 
IS, 1947, and found to be in excellent health without 
evidence of recurrent disease 12 years since first treat- 
ment. (Fig. 8.) 

Case 3. — H. S., aged 8, was struck in the leg with 
a sled while at play in January, 1920. Because of per- 
sistent pain in the right ankle, roentgenograms (Fig. 
9) were made and the boy was taken to the Ruptured 
and Crippled Hospital where, in March, 1920, an in- 
cision and drainage of the right fibula was performed 
under the mistaken diagnosis of osteomyelitis. Because 
of persisting symptom of pain, the patient returned to 
the Ruptured and Crippled Hospital and a right mid 
thigh amputation ivas performed in June, 1920. Eight 
weeks later, a right groin dissection was performed 
because of grossly enlarged nodes. The patient was re- 
ferred to Memorial Hospital on October' 26, 1920, be- 
cause of a firm mass deep in the iliac fossa above 
the area of groin dissection. A total of 10,109 mgs. 
hours .Avas administered to the right groin with the 
radium element pack at- 6 cm. distance, with improve- 
ment. The patient was discharged from Memorial 
Hospital on November 6, 1920, and referred back to 


Table VIII 

Results in the Series of 73 Cases of Ezvmg"s Sarcoma 
treated from 1918 through 1942. 

Determinate Group — with histologic verification 


Dead 70 

Free of disease more than 5 years ^ 

Living and well 2 

Dead Avithout disease after 5 years 1 


Total 73 

Successful results 3 

Five-Year Survival-rate 4.1% 


the Ruptured and Crippled Hospital for the administration of Coley’s toxin. Although 
at the time of admission, roentgenograms of the chest Avere reported as shoAving 
metastasis in the lungs, this finding Avas never confirmed on subsequent examinations. 
This patient Avas seen at infrequent intervals during the ensuing years and remained 
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S 3 'mptom free without evidence of recurrence or metastasis. In January, 1935 
years later, the patient had an attack of acute appendicitis with generalized peritonitis 
to which disease he succumbed on Januar 3 f 31, 1935, without evidence of recurrence 
or metastasis from his original Ewing’s sarcoma. 

The five-year survival rate in this series of 73 cases (Table VIII) is 4.1 
per cent, an extremely low survi^^al rate, in fact somewhat lower than is 
commonly believed to apply in Ewing’s sarcoma. It dramatically emphasizes 
our belief that E3ving’s sarcoma is an extremely malignant lesion, one that 
is exceeded in poor prognosis only by leukemias. 

SUMMARY 

This report is based upon a study of 91 histologically proved cases of 
Ewing’s sarcoma of which the end result after five or more years is known 
in 73 cases. 

Attention is called to the predominance of the male sex, the preponder- 
ance of cases in the age-group from five to 25 3fears, and the simulation of 
an infectious or inflammatory process as evidenced by frequent febrile reac- 
tion, leukocytosis, and even by the roentgenographic appearance. 

The difficulty sometimes encountered in distinguishing this disease from 
osteogenic sarcoma is also mentioned, with due emphasis being placed upon 
the importance of securing microscopic confirmation prior to treatment. As 
is pointed out, this is especially indicated because of the masking of the 
histologic picture following even small doses of roentgen tlierapy. 

In young children E3ving’s sarcoma may be exceedingly difficult to dis- 
tinguish from metastatic neuroblastoma; in older children, adolescents and 
young adults, reticulum cell sarcoma of bone and angiosarcoma may also 
closely resemble it. The more favorable prognosis of reticulum cell sarcoma 
of bone and its response to doses of roentgen therapy, smaller than are 
required to inactivate permanently Ewing’s sarcoma, makes its recognition 
a matter of importance. 

The various methods of treatment of Ewing’s sarcoma have yielded uni- 
formly poor end results. This is amply demonstrated bj'^ the fact that only 
three out of 73 cases (4.1 per cent) survived five years or more. Regard- 
less of the method employed, whether immediate surgery, preoperative irra- 
diation, or irradiation alone or in combination with Coley’s toxins, the 
ultimate result is practical^ always death from widespread metastases. 
Neurological complications are frequent and disturbing. No known method 
has as yet succeeded in overcoming the tendency of dissemination of the 
disease to the lungs, to other bones, and sometimes even to the lymph nodes 
and viscera. Ewing’s sarcoma presents a challenge to the profession to 
devise a totally different mode of attack. In the meantime all that can be 
accomplished in the vast majority of cases is palliation for a period of from 
one to three or more years. Such palliation is usually best achieved by 
roentgen therapy. 
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Discussion. — Dr. Norman L. Higinbotham, New York: In opening the dis- 
cussion on Dr. Coley’s paper I should like to emphasize some of the more important 
phases of this disease. The film on the screen represents one of the earliest lesions 
we were able to obtain, and I believe demonstrates very clearl}’- the cortical origin 
of a purely osteolytic lesion. The process is just beginning to in\’ade the medullary 
cavity and to set up a periosteal reaction. Formerly it was considered that this tumor 
was medullary in origin. After anal}'zing four cases similar to this one, we found 
that the tumor had a probable cortical rather than a medullary origin. The process 
goes on and eventually invades the entire cortex circumferentially. 

This is a rather typical picture produced in the later stages of Ewing’s sarcoma. 
There is diaphyseal involvement, a fusiform shape which is quite characteristic, 
complete osteolytic destruction of the cortex all the way around the bone, lamellation 
or so-called onionskin appearance of the petriosteum and, as the tumor has advanced, 
it has produced these radiating spicules outward from the bone. This sunburst ap- 
pearance was originally described as pathognomonic for osteogenic sarcoma. How- 
ever, in our experience we find that it occurs equally often in Ewing’s sarcoma. 

Another quite characteristic appearance produced by Ewing’s sarcoma is this so- 
called moth-eaten appearance or cracked ice appearance. Here again is observed 
the diaphyseal involvement, the fusiform-shaped tumor extending upwards to the 
metaphyseal region and leading to imminence of pathologic fracture. When pathologic 
fracture occurs it may complicate the roentgenologic diagnosis. 

This shows a 12-year-old boy with a diaphyseal lesion, purely osteolytic; even 
though there is a pathologic fracture one would suspect the diagnosis of Ewing’s 
sarcoma which was confirmed by the microscope. Considerable difficulty in differential 
diagnosis may occur, however. Here is a picture which closely resembles, perhaps, 
fibrous dysplasia, and one might think also of reticulum cell sarcoma. This is the 
type of case in which biopsy is extremetly important. In this case the pathologic 
report on the biopsy was malignant tumor, probably Ewing’s sarcoma. This was 
later confirmed and low thigh amputation was carried out. The gross specimen 
shows the medullary cavity from which the tumor has been removed, also the com- 
plete cortical destruction and periosteal reaction which was quite evident on the 
roentgenogram. 
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The hazard of giving radiation therapy without a microscopic diagnosis is borne 
out by this particular case. In this young girl the clinical and roentgenographic 
diagnosis was Ewing’s sarcoma. A course of radiation therapy was outlined for this 
lesion at the upper end of the femur and we proceeded with it. Then a biopsy was 
done and the pathologist reported that he could find only chronic osteitis. Accord- 
irigiyi we felt that an error had been made in our clinical and roentgenographic judg- 
ment and further irradiation was withheld. However, a year and a half later this 
picture of an obviously malignant tumor was seen, and a second biopsy confirmed the 
diagnosis of Ewing’s sarcoma. Had biopsy been done prior to irradiation therapj^ 
as should have been done, we feel sure we would have had the correct diagnosis at 
the outset. The patient died of metastases six and a half months after this picture 
was taken. 

Dr. Coley mentioned the three five- 3 'ear survival cases, and I shall review them 
briefly. This 22-year-old boy had a lesion of the fibula, diagnosed by biopsy as 
Ewing’s sarcoma. Preoperative irradiation was given to this area well above and 
well below the actual lesion. Then resection of the tumor-bearing section of bone 
was carried out and the mortise of the joint was stabilized with two vitallium screws. 
These were removed five and a half years later. The patient is living and well six 
and a half years following operation and was seen just a month ago. 

The second patient is a 13-year-old boy with a lesion in the upper end of the 
humerus, diagnosed by biopsy as Ewing’s sarcoma. A total tissue tumor dose of 
6000 r units was estimated to have been given upon completion of irradiation therapy. 
In conjunction with and following this therapy he was given a long series of injec- 
tions of Coley’s toxin. He was last seen in December, 1947, alive and well 13 years 
after the original therapy. 

The third and last case is an 8 year old boy with a lesion in the lower end of 
the fibula diagnosed as Ewing’s sarcoma by biopsy. High amputation was done and 
Coley’s toxin was given postoperatively. This patient survived 14 years, only to die 
of acute appendicitis with petritonitis, although entirely free of malignant disease. 

Three cases surviving a period of five years are hardly enough from which to 
draw any conclusions as to treatment. One might legitimately ask what is the treat- 
ment for this rather hopeless condition. It is our impression at the present time 
that, given a diagnosis of Ewing’s sarcoma, planned treatment should include biopsy 
to prove the nature of the lesion, preoperative irradiation, removal of the tumor 
either by resection or by amputation above the bone involved, and postoperative 
administration of Coly’s toxin. 

Dr. J. J. Morton, Rochester, N. Y. : When George Peck asked me to write on 
treatment of this disease, there were some known facts; namely, that it is a disease 
of youth, that males predominate, that a great many of the lesions are below the 
waistline, that fever is a frequent accompaniment, and that osteomyelitis is a fre- 
quently mistaken diagnosis. Many have come to me who have been operated on for 
osteomyelitis; they have shown no growth of any organism, the osteom 3 'elitis, so- 
called, does not improve, and the doctor begins to suspect that he is dealing with 
something else, and it is usually Ewing’s tumor. 

Since 1940 there have been two or three series reported, but none so extensive as 
this one from the Memorial. Dr. Myerding reported a series from the kra 3 'o Clinic 
and Dr. Campbell reported a series from Memphis. The Bone Sarcoma Registr 3 ’ also 
put out a report in the forties. Those are the only series reported and, for that reason, 

I think this is a ver 3 '^ important paper. 

The pathology is quite confusing, although I think it is a definite entit 3 '. W'e 
have been told in the past that adrenal sympathclic tumors resemble it ■rer 3 ' closely 
but can be differentiated by the fact that tlie 3 ’’ form rosettes. RecentK', some Ewing's 
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tumors have been shown to form rosettes of tissue. If you stain cells for reticulum, 
you Avill find that Ewing’s tumor forms reticulum also. Recently Dr. Stout told me 
that he was very hesitant about making a diagnosis of Ewing’s tumor; that, in fact, 
he did not know how to do so; and he is a trained pathologist. The surgeon, there- 
fore, has a good deal of difficulty in deciding ^vlhat he is really dealing with. Never- 
theless, I think Ewing’s sarcoma is a true tumor because we have had enough uost- 
morten examinations to know that the adrenals are not involved and that this is not 
a lymphosarcoma. The Australians will not admit that there is such a tumor, and 
it is in doubt in some of the Scandinavian countries — so it is still controversial. 

As to treatment, at the time I was asked to write on the subject treatment was 
the same as for any form of malignancy, except that the Memorial had a tremendous 
amount of radiation which was used on patients with this diagnosis. Dr. Ewing 
pushed it to the extreme, but he admitted to me that he was trying to find the best 
dosage to use. If you review all the literature you will find, I am sure that there 
are 18 or 20 patients that have gone beyond the five-year period, some considerably 
beyond. Treatment has been quite varied; some by surgery, some by radiation in 
various wa.ys, some by a combination of agents and some by x-ray alone. There are 
two or three cases which have been healed by x-ray alone for a period of several 
years. Meyerding agrees that irradiation treatment holds the premier position, mul- 
tiple cross-fire ports being used. 

I agree with Dr. Coley that this is a most discouraging disease, and I hope we 
will find some better method of treatment. 
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In our last communication on this subject^, reported in this journal in 
November, 1946, we stated that the method of peritoneal irrigation as then 
developed was still in an experimental stage owing to certain inherent limita- 
tions : the formula of the irrigating fluid did not correct acidosis or hypo- 
calcemia; the absorption of water from the irrigating fluid was not under 
adequate control; some protein and probably water-soluble vitamins were 
lost into the irrigating fluid ; and most significant of all, peritonitis could not 
be prevented. 

In this report, which is based on a clinical experience of some 14 addi- 
tional patients in renal failure, we present modifications in the method which 
we have introduced as the lessons of our experience indicated. Analysis of 
the clinical data which follows demonstrates that a satisfactory degree of 
fluid and electrolyte balance can be achieved and recovery of renal function 
facilitated. The danger of peritonitis, which has been greatly minimized but 
by no means obviated, still constitutes the chief hazard of the technic. Even 
so, the results now obtainable^' are such as to warrant con- 

tinued exploitation of this method for treating acute renal failure, providing 
recovery of renal function is still possible. 

MODIFICATIONS IN METHOD 

A. The irrigating fluid has been altered so that it now contains the fol- 
lowing amounts of anhydrous substances in grams per liter: NaCl 7.4, KCl 
0.2, CaClg 0.2, NaHCOg 1.0, dextrose 10.0; plus gelatin* 10.0 and 
MgCL.bHgO 0.22. 

The reasons for these changes are: (1) the NaCl is reduced to 0.74 per 
cent because some patients develop hyperchloremia. An even greater re- 

** The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research of the Office of Naval Research of the United 
States Navy and Harvard University. 

t Read before the Meeting of the American Surgical Association, May 27-29, 
1948, Quebec, Canada. 
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duction in chloride with a corresponding substitution of sodium lactate 
might be desirable, but the resulting greater alkalinity might prove too irri- 
tating to the peritoneum and would require an adjustment of the pH after 
autoclaving and cooling. The difficulty of carrying out a sterile titration pro- 
cedure on large fluid volumes has deterred us from carrying out this modifi- 
cation. Partial substitution of NaCl by NaHCOa, which would have the 
advantage of better counteracting the acidosis, would also make the fluid too 
alkaline. 

METHOD OF STERILIZING PERITONEAL IRRIGATION FORMULA 


CLAMPS AftD OPEN IN AUTOCLAVE. THEN CLOSED 
CLAMPS BaC CLOSED 



Fig. 1. 


(2) . The calcium ions have been doubled because the blood levels of cal- 
cium are regularly low in uremic patients and because the ionic calcium con- 
centration requirement is higher when phosphate is elevated. Even with the 
increase in calcium ions, intravenous calcium therapy is still necessary. A 
further increase in calcium ion concentration of the irrigating solution may 
be worthwhile and will be tested. 

(3) . The phosphate is omitted because the blood phosphate concentration 
is excessive in uremia and because calcium and magnesium are precipitated 
from the irrigating solution by phosphate if their concentration or the pH is 
in excess of that in unmodified Tyrode’s solution. 

(4) . To avoid absorption of water the solution is made more hypertonic 
by adding gelatin to a concentration of 1 per cent and by increasing the glu- 
cose from 1.5 Gm. to 10 Gm. per liter. The increase in hypertonicity 
might be obtained by a sufficient amount of either gelatin or glucose alone. 
Glucose alone in sufficient amount is possibly too irritating. The advantage 
of some glucose in higher concentration than we have used heretofore is 

* We are grateful to the Atlantic Gelatin Company for this material. 
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that it supplements the limited amount that can be given intravenously to 
supply the basal caloric requirement.** 

B. Preparation of the Irrigating Fluid (Figs. 1 and 2). In order to 
avoid contamination of the fluid after sterilization, the sodium bicarbonate, 
which must be autoclaved apart from the remainder of the solution, is added 
after cooling, by arranging the flasks in tandem during autoclaving (Fig. 1), 
so that the vacuum created during cooling accomplishes transfer of the bicar- 
bonate solution to the carboy on opening the appropriate stopcocks (Fig. 2). 
All tubing is clamped during the cooling period. Air entering the system 
after cooling is bubbled through an alkaline solution of parachlorphenol and 
cresol. In several tests, cultures from cotton plugs filtering the air which 
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Fig. 4. — Illustrating structure and design of the flexible sump drain. 

had passed through the cresol filter were found to be sterile. Cultures from 
samples taken at the point of entrance of the final irrigation formula into the 
abdominal wall are also uniformly sterile. Because the bacterial filter, for- 
merly interpolated at this point, impedes the flow of fluid containing gelatin 
it no longer is used and is unnecessary since the solution is sterilized by auto- 
claving in the containers and connecting apparatus from which it is delivered 
to the patient. Heparin and penicillin, formerly added to the solution after 
sterilization, are now omitted. 

** Some 200 Gm. of glucose are absorbed in 24 hours from the irrigating fluid and 
the remainder (150-200 Gm) is given in a 15 per cent concentration intravenously. 
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C. Irngation Procedure. To prevent the absorption of water it is es- 
sential that the irrigating fluid shall not be allowed to lose its hypertonicity. 
Recovery of the fluid before equilibration can occur is accomplished by con- 
fining the fluid to the pelvis and b}^ the use of a flexible-shaft sump drain the 
three-inch stainless steel tip of which is placed in the depth of the cul-de-sac. 
Continuous irrigation from a separate inflow tube to the sump or intermittent 
filling and emptying by using the sump as a two-way system is used. 

The sump drain is placed as follows : Under spinal anesthesia a short 
transverse incision down to tlie deep fascia is made beneath the costal mar- 
gin. Through a short incision opposite the anterior superior spine the peri- 
toneal cavity is opened. A subcutaneous tunnel connecting the two incisions 
is made. The metal end of the flexible sump drain (Figs. 3 and 4) is in- 
serted through the upper incision and passed along the subcutaneous tunnel 
to the lower incision, through which it enters the peritoneal cavity, where it 
is placed under direct vision into the bottom of tlie cul-de-sac (Fig. 5). The 
peritoneum, fascia, and rectus muscle are closed snugly around the rubber 
portion of the sump drain. The skin of the lower incision is closed over the 
tube and the skin of the upper incision is closed around the tube, which, at 
this level, projects through the sterile dressing. Then it is attached to glass 
connecting tubes (Fig. 5), one of which connects to the fluid carboy, another 
to a suction line and a third to an air inlet. The suction line leads to a fluid 
collecting carboy and a negative pressure regulator. The air delivered to the 
sump drain is passed in fine bubbles through the sterilizing solution (alkaline 
parachlorphenol and cresol). 

The system is operated by a series of screw clamps shown in Figure 5. 
About a liter of fluid is allowed to enter the pelvic cavity through clamp C, 
while clamps A and B are opened; and all the fluid is withdrawn into the col- 
lecting bottle on the floor at the bedside. Fresh fluid is introduced and the 
cycle repeated. The procedure is carried out by a nurse, who must be in con- 
stant attendance. 

Samples are taken by needle .aspiration daily from the sterilized outflow 
tube at A for study of the drainage fluid for the presence of bacteria or leu- 
cocytes. Samples taken daily from the inflow tube at C have always been 
sterile. Chemical analysis is done on aliquots taken from the collecting 
bottle. 

The patient lies semi-erect, so that the fluid in the pelvis remains below 
the upper incision. Thus no contact by possible ebb and flow can be made 
between the fluid and the skin of the abdominal wall. Fig. 6, a bedside pho- 
tograph, shows gastro-intestinal drainage, intravenous therapy and peritoneal 
irrigation proceeding simultaneously. The patient is also on constant blad- 
der drainage, so that urine studies together with blood analyses permit ac- 
curate assessment of renal function. 

Irrigation is discontinued after 72 hours, or sooner if diuresis begins. 
If the drainage fluid shows bacteria or more than a few leucocytes per high 
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power field, peritoneal contamination may be presumed to be present and the 
procedure is terminated at once. Even if the drainage fluid remains sterile 
the irrigation is stopped after seventy-two hours. This we judge from ex- 
perience is the maximum period of continuous irrigation that is compatible 
with the avoidance of frank peritonitis. Should diuresis fail to occur there- 
after, the procedure can be rcinstituted upon the return of high levels of re- 
tention products or the disappearance of peritoneal irritation if present. 



Fig. 6. — Showing gastro-intestinal drainage, intravenous therapy and 
peritoneal irrigation proceeding simultaneously. 


Distorted gastrointestinal function (anorexia, vomiting, ileus, distention) 
is nearly always present in uremia, so that the patient must be intubated and 
all alimentation given parenterally. 

Not a few patients are unwisely overhydrated beforehand, burdened with 
edema, particularly of the lungs, which are abnormally vulnerable in uremia. 
In order to prevent overhydration of the patient, it is necessary to limit the 
parenteral fluid administered daily to 1000 cc. This imposes a severe limita- 
tion on the amount of glucose which the patient can be given. Moreover, 
this fluid is also needed to administer the sodium lactate necessary to treat 
the acidosis ordinarily present. In some patients loss of fluid by continuous 
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gastro-intestinal aspiration can be considerable and may prove helpful in re- 
moving ■water or in preventing overhydration. 

Some uremic patients are disoriented. Paraldehyde or barbiturates may 
be needed to control extreme restlessness. 

If diuresis sets in, it begins by a small, but sharp, increase in volume out- 
put. The next day the output doubles or triples and the following day this 
volume may be doubled so that within a few days the output reaches a normal 
volume or commonly a polyuria is reached. For some days the urine is pale, 
with a low specific gravity and a urea concentration that is about equal to 
that of the blood. Since irrigation will have been discontinued, the blood 
urea or NPN ; in the meantime, will rise from the reduced level produced by 
the irrigation. As renal function recovers, the urea output rises and finally 
overtakes the rate of production, so that the blood concentration curve re- 
turns toward normal. 

Efficient peritoneal irrigation abstracts some 25-50 Gm. of urea daily. 
This is more than the normal urea production of a starving patient. As soon 
as the urinary urea output reaches some 10 Gm. per day in the recovery 
phase after acute renal failure, it can be safely assumed that the renal func- 
tion will keep pace with urea production and the outlook for recovery is 
good. Phenolsulfonphthalein excretion and urea clearance tests at this time 
will show low function (20-30 per cent of normal) and the specific gravity of 
the urine will be between 1007 and 1010. The ileus will have largely disap- 
peared and oral alimentation will be near normal except for occasional 
nausea or food intolerance. Vitamins and antibiotics will be discontinued 
as improvement occurs, but blood may be needed for persistent anemia. 

All of the foregoing details of therapy have been applied to each patient 
only in the last four cases, except that one was irrigated for only 48 hours. 
Three of these developed peritoneal contamination, two with E. coli and one 
with B. subtilis. Three of the four patients survived ; the fourth died of an 
irreversible renal injury. It appears, therefore, that even preventing con- 
tamination from the skin, air, or irrigating fluid by careful observance of all 
the details described, will not prevent peritonitis. 

E. coli has been the usual pathogen responsible for peritonitis. It is pos- 
sible that in the uremic patient serosal irritation by the irrigating fluid may 
cause transmural migration of intestinal bacteria.* Therefore, the routine oral 
administration of sulfthalidine In maximal doses is used to diminish the 
intestinal content of E. coli. Penicillin is given intravenously to all patients 
from the outset. Streptomycin is used only after infection occurs, because 
of rapid development of fastness. These antibiotics did not prevent or cure 
E. coli peritonitis, even when they were also added to the irrigating fluid, 
polymyxin or duomycin, when available, may prove more useful for this 
purpose. 

The cases which follow are presented in detail for the purpose of deline- 
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ating the way in which the method, as previously published, was altered as a 
result of experience from one case to the next, until it evolved into the form 
now being employed. 

CASE REPORTS 

Case 5*. — ^W.S. (BIH 88032) : A 43-3'car-oId man, who had been in good health, 
cleaned furniture with carbon tetrachloride for two hours in a warm, closed room, a 
week before admission. He felt “groggy” and then developed throat irritation, cough, 
fever, costovertebral angle and right upper quadrant pain and tenderness, subconjunc- 
tival hemorrhages, nosebleeds, occipital headache, diarrhea, increasing dyspnea, icterus 
and oliguria. During the three days before admission to this hospital he received 
10,000 cc. of fluid and produced a total urine output of 390 cc. Generalized and pul- 
monarj' edema developed. 

On admission he Avas acutcl}' ill, d 3 'spneic, vomiting, icteric, and complaining of 
diffuse abdominal pain. He showed orbital and conjunctival hemorrhages, an en- 
larged liver, and abdominal muscle spasm. Arterial pressure was 180/100 mm. Hg. 
The urine contained albumin and had a maximal specific gravity of 1010. The blood 
NPN was 105 mgm. per cent, CO- combining capacity 47.5 vols. per cent, calcium 7.4 
mg. per cent, phosphate 10.3 mg. per cent and the icteric index 32.5, Treatment for 
three days with concentrated glucose solution given intravenously, oxygen and peni- 
cillin was attended by steady deterioration of the patient’s condition, with increasing 
dyspnea, tachycardia and daily urine outputs of 65 ct., 135 cc. and 300 cc. respectively. 
The NPN rose to 135 mg. per cent. The BUN was 76 mg. per cent. On the fourth 
hospital da}', an inflow tube and .sump drain were inserted into the peritoneal cavity 
under local anesthesia and irrigation Avas started. 

The irrigating solution contained glucose in 1^ per cent concentration in addition 
to the salts of Tyrode’s solution. Peritoneal irrigation Avas carried out for 48 hours 
at a floAV rate of 35 cc./min. during the first day and of 25 cc./min. during the second. 
The urea N concentration of the outfloAv fluid Avas 42-45 mg. per cent. The total urea 
removed on the first day Avas 46 Gm. and on the second 35 Gm. The peritoneal urea 
clearance rate averaged 21-22 cc./min. The blood NPN after 48 hours of irrigation 
Avas loAvered to 94 mgm. per cent and the blood urea N to 44 mg. per cent. The CO- 
combining capacity, however, dropped to 29 vols. per cent and the blood phosphate re- 
mained elevated at 11 mg. per cent. During the two days of irrigation the urine 
volumes Avere 215 cc. and 225 cc. respectively. The urine urea content was only 75 to 
80 mg. per cent and the total unnary urea excretion during the 48 hours of irrigation 
Avas 0.8 Gm. 

There was a deficit of outflow ranging from. 3 to 7 liters per 24 hours, which, in 
part, represented leakage into dressings and in part may have been due to absorption 
of fluid. Increasingly severe pulmonary edema and dyspnea did not respond to medica- 
tion, which included oxygen, tourniquets, morphine, alkali therapy and calcium. The 
patient died on the sixth hospital day. 

Postmortem examination* disclosed severe pulmonary edema and confluent 
bronchopneumonia. The kidneys and liver were edematous and congested. There was 
no evidence of peritoneal infection. Microscopy showed a lower nephron nephrosis, 
i.e., normal glomeruli, necrobiosis and desquamation of the ascending limbs of Henle’s 
loops and distal convoluted segments, especially at the cortico-medullary junction, 
where interstitial edema, lymphocytes and plasma cells were present. 

* See reference^ for cases 1-4, 
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Comment. Acute renal failure was due to carbon tetrachloride nephro- 
sis^^- The peritoneal irrigation progressed with ease and efficiency, but 
acidosis, hyperphosphatemia and hypocalcemia were not corrected. Peritoneal 
infection did not occur. Pulmonaiy'^ edema and confluent bronchopneumonia 
were the immediate cause of death. The carbon tetrachloride fumes undoubt- 
edly produced some of the pulmonar}'^ pathology, but excessive fluid admin- 
istration prior to hospital admission and the absorption of irrigating fluid 
from the peritoneal cavity were major contributing factors in the develop- 
ment of pulmonary edema. 

The increase in glucose from 1.5 Gm. to 15 Gm. per liter of irrigating 

Case 6.— L. B. (BIH 88238) : A ?5- 
year-old man, with rheumatic heart 
disease and subacute bacterial endo- 
cardities, entered another hospital for 
progressive oliguria. Study there 
showed albumin and many red and 
white cells in the urine, no concentra- 
tion of diodrast bj' the kidney and a 
blood NPN of 140 mg. per cent. 
Physical examination disclosed malnu- 
trition, rheumatic heart disease and a 
blood .pressure of 95/50 mm. Hg. Re- 
peated blood cultures yielded strepto- 
coccus viridans. Three thousand cc. of 
5 per cent glucose in distilled water, ad- 
ministered intravenously, daily for five 
days failed to induce diuresis. Edema 
of the face and legs developed and the 
patient became drowsy. Renal failure 
was believed to be due to acute 
glomerulonephritis. He was transferred 
to us for irrigation. 

During the first 36 hours prior to irrigation he received 100,000 units of penicillin 
intramuscularly, every two hours, and 1500 cc. of 30 per cent dextrose intravenously. 
The daily urine output did not exceed 100 cc. The blood NPN rose to 166 mg. per 
cent, the BUN to 136.5 mg. per cent, the blood pressure to 150/100 mm. Hg. The 
CO= combining capacity was 37 vols. per cent, the blood NaCl 534 mg. per cent, 
calcium 7.1 mg. per cent, phosphate 11.0 mg. per cent, serum protein 6.73 Gm. per cent 
(albumin 2.37 Gm. and globulin 4.36 Gm. per cent). The patient became semi-coma- 
tose. Temperature and pulse rate were normal. 

Continuous irrigation by an inflow tube and sump drain was started. Tyrode’s 
solution containing 2 per cent glucose was used at a rate of 35 cc. per min. The blood 
NPN and urea N levels returned to normal by the third day of irrigation (Fig. 7, 
Table I.). Concomitantly the patient became alert. A brief bout of pulmonary edema 
following the intravenous administration of a liter of 30 per cent glucose on the sec- 
ond day of irrigation was treated by tourniquets and digitalization. Some 450 Gm. 
of glucose was absorbed daily from the peritoneal cavity. 

* We are indebted to the Department of Pathology under the direction of Dr. 
Monroe Sc/ilesingcr for the reports of the postmortem findings. 
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Acidosis increased, the CO 2 combining capacity having dropped to 22 vols. per 
cent by the fourth day of irrigation. The irrigating fluid, therefore, was modified by 
adding 2.35 Gvi. of sodmm laciale per liter, which raised the pH of the solution to 
8.3. The blood COj combining capacity returned to 41 vols. per cent within two days. 
This more alkaline solution was used thereafter in two of every three carboys of ir- 
rigating fluid. Penicillin was continued and blood and plasma given from time to 
time. The patient remained afebrile. He was able to eat on the fifth day of irriga- 
tion, but oliguria persisted. 

On the seventh day of irrigation, culture of the peritoneal outflow fluid disclosed 
E. coli and gram positive diplococci. Thereafter, a third of a gram of streptomycin 
was added to each 20 liter carboy of solution and irrigation was continued. The gen- 
eral condition remained good for another two days, after which abdominal pain and 
tenderness, productive cough, fever, and a rapid pulse appeared. The patient died on 
the tenth day of irrigation. Blood chemical findings just before death were near the 
normal range. Peritoneal culture the day before death disclosed B. pyocyaneus and 
B. subtilis. 
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Autopsy showed mitral stenosis 
and insufficiency, subacute bacterial en- 
docarditis of the mitral valve, pulmon- 
ary edema, basilar atelectasis and early 
diffuse fibrinopurulent peritonitis. The 
kidneys were swollen and congested. 
Microscopically they showed wdespread 
fibrosis, epithelial proliferation, focal 
necrosis, and polymorphonuclear leuco- 
cytic infiltration of the glomeruli, i.e., 
chronic glomerulonephritis with an 
acute exacerbation. 


Comment. The patient was a 
dubious choice for this therapy. 
Since the endocarditis might be ex- 
pected to respond to penicillin, it 
was considered desirable to treat 
irrigation, ten days of which produced 


POST-OPERATIVE OATS 

Fig. 8. Case 7. 

the renal failure by continuous 
marked clinical improvement and restoration of the blood chemistry to near 
normal levels. While systemic edema, present on admission, did not increase, 
the bout of acute pulmonary edema following 30% glucose intravenously 
may have played some role in the patient’s death. The addition of sodium 
lactate to the irrigating fluid corrected acidosis, so that intravenous alkali 
therapy was unnecessary. Diffuse fibrinopurulent peritonitis developed and 
was the immediate cause of death. The degree of renal damage suggests 
that spontaneous recovery from uremia was unlikely. 


Case 7. — J.C. (BH88742) ; A 56-year-old man, underwent a one-stage Whipple 
operation for carcinoma of the ampulla of Vater and common bile duct nine days 
before transfer to this hospital. The patient's condition remained good for the first 
five postoperative days, during which time he was aible to eat and walk. He then de- 
veloped fever, jaundice, distention, progressive oliguria and a rising BUN. He was 
transferred to us on the 9th postoperative day for irrigation. On inserting the inflow 
tube and sump drain into the peritoneal cavity, a large volume of clear, icteric peri- 
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toncal fluid was found and evacuated. Culture of the fluid, reported later, disclosed 
alpha streptococci and diphtheroids. The irrigating fluid was Tyrode’s solution plus 
2 per cent glucose, penicillin and streptomycin. From time to time, one third of the 
chloride in the solution was I'cplaccd by bicarbonate or lactate to combat acidosis. In 
the first three days the irrigation flow rate was 36 cc. per minute, but thereafter recur- 
rent interference with outflow suhstantially reduced the average rate of flow. The 
blood NPN and urea N levels were substantially reduced and the blood CO 2 combining 
capacity increased to 36-48 vols. per cent, but the blood calcium remained low (see 
Table II and Fig. 8). After five daj's of irrigation, an increase in urine output from 
practically none to 500 cc. per day occurred. 
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Postoperative Day 

9 th 

10th 11th 

12 th 13 th 

14th 

15th 

16th 
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Peritoneal Fluid: 


Urea (mg. %) 


35 

41 

33 

38 

37 

, 

30 

37 

Urea Clearance 


13 

19 

19 

22 

8 


9 

11 . 

(cc./min.) 

Culture (streptococci) 



E.coli 







(diphtheroids) 

Urine: 

Urea N. (mg. %) 


33 
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168 

143 
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168 

Sp. gravity 
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1.008 
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1.016 
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1.010 
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Reaction 
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Albumin 
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Blood; 

CO 2 cap. (vol %) 

41 

45 

36 

47 

48 

43 


48 

50 

Cr (as NaCl mg. %) 

^ , 

684 


680 

700 

696 


646 


POr- (mg. %) 


6.6 


4.6 




5.7 


Ca++ (mg. %) 


7.4 


7.4 




6.7 


Plasma protein 


6.6 



6.3 




7.8 

(Gm. %) 

Hemoglobin (%) 

75 

68 

65 

64 

70 


. . 


. • 


(mm. Hg) 

130 

140 

140 

140 

140 

130 

140 

120 

90 










70 

80 

80 

80 

70 

70 

70 

70 

70 


The clinical condition — fever, tachycardia, jaundice, hallucinations, and delirium — 
worsened. A large quantity of cloudy fluid containing pancreatic amylase oozed from 
the operative incision for several days. Intestinal distention necessitated intubation, 
which yielded 2000-4000 cc. of fluid per day. Penicillin (1-2 million units) and strep- 
tomycin (2-4 Gm.) were given intramuscularly daily and transfusions for anemia were 
given repeatedly. Streptococci were not found again in the peritoneal fluid, but E. coli 
appeared in the outflow fluid on the third day of irrigation. 

A comparison of outflow with inflow volumes indicated no significant retention of 
irrigating fluid and no generalized edema developed. But pulmonary edema appeared 
abruptly on the eighteenth postoperative day, when the patient died. 

Postmortem examination disclosed confluent bronchopneumonia, marked peripan- 
creatic fat necrosis and hemorrhage, multilocular purulent peritonitis and obstruction 
at the biliary anastomosis. The histologic examination of the kidneys disclosed little 
damage. A mild degree of focal “lower nephron” nephrosis, in the healing stage, 
was found. 

Comment. Renal failure consequent to the development of peritonitis is 
a familiar experience. The existence of peritonitis was not realized when 


573 


FRANK. SELIGMAN AND FINE 


Annak of Siireen 
fJeiitcmber, li)48 


the irrigation was started, but became obvious later. Irrigation was con- 
tinued in order to observe its eilectiveness in the circumstances. The blood 
nitrogenous levels responded in spite of recurrent blocking of outflow, which 
was possibly due to the peritonitis. It is difficult to assess the influence of tlie 



plasma plasma solution solution 

IAS USED HITHERTO) (AS MODIFIED FOR F K ) 

B* • BASE OTHER THAN Hd* 

A' • ACID OTHER THAN CA" HCO," , OR LACTATE" 

Fig. 9. — Diagram (modeled after Gamble) of acid-base equivalence of 
modified irrigating solution used in case 8. 

irrigation procedure on the course or spread of the peritonitis. On the basis 
of our experience with irrigation after peritonitis has set in, we are inclined 
to believe that it may have done more harm than good. 

In this patient, as in the last, edema did not occur. The substitution of 
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bicarbonate or lactate for one-third of the ionic equivalent of chloride in the 
irrigating solution resulted in effective control of acidosis. 

Case 8. — F.K. (BIH 91435) : A 44-ycar-old chronic alcoholic, was admitted to 
another hospital complaining of progressive reduction in urinar}^ output of three weeks’ 
duration, associated with a dull, persistent ache in both flanks and mid-back. One 
week before admission he stopped working because of anorexia and extreme fatigu- 
ability. He was then able to void only a few cc. of bloody urine daily and noticed 
puffiness of the eyelids. On admission the lower eyelids were ecchymotic, the liver 
edge was three finger breadths below the right costal margin, the blood pressure was 
145/85 mm. Hg., the red cell count 3.7 million and the hemoglobin 12 Gm. per cent. 
The urine was alkaline and contained albumin, glucose, red and white cells. Cystoscopy 
and retrograde pj'elography revealed no abnormalit3^ The blood NPN levels were 
138, 165, and 150 mg. per cent, the CO2 combining capacity 32, 29, and 24 vols. per cent 
respective!}", on three succeeding days after admission. Bilateral renal decapsulation 
was done the day following admission. No gross abnormality of either kidney was 
noted. During this three-day period the patient voided a total of 110 cc. of urine and 
received a total of 13 liters of fluid. 

On transfer to us for peritoneal irrigation the patient was drowsy, and respiration 
was acidotic. There were moist rales at the right lung base, but no peripheral edema. 
Both flank incisions were healing well. The blood pressure was 145/80 mm. Hg. The 
blood NPN was 124 mg. per cent, BUN 109 mg. per cent, CO3 combining capacity 25.5 
vols. per cent and chlorides 458 mg. per cent. No urine could be obtained. Five hun- 
dred cc. of 30 per cent glucose in water were given intravenously for starvation 
acidosis. 

On the following day, continuous peritoneal lavage, through an inflow tube and 
sump drain was instituted. A modified Tyrode’s solution* containing 2 per cent glu- 
cose was used (Fig. 9). 

The pH of this solution after autoclaving was 7.9. 

Because of incipient pulmonary edema, no fluid was given intravenously at first. 
The irrigating fluid was relied upon to provide glucose. Penicillin, streptomycin, and 
the water-soluble vitamins were given intramuscularly. Irrigation was continued at 
flow rates averaging 31, 36, 38, 23, 23, and 26 cc. per minute on the six successive days 
respectively (see Table 3 and Fig. 10). During the first three days the patient showed 
progressive subjective and objective improvement. In this period the peritoneal urea 
clearance varied from 8.5 to 15.6 cc. per minute, and the blood NPN and BUN fell to 
68 and 45 mg. per cent respectively. The blood CO2 combining power dropped steadily 
to 15.5 vols. per cent in spite of sodium lactate in the irrigating fluid, and the absorp- 
tion of some 250 Gm. of glucose per day. Five-hundred cc. of one-sixth or one-third 
molar solution of sodium lactate, therefore, was given intravenously each day and the 
blood CO2 combining capacity returned to normal. The daily urine output, which was 
never greater than ISO cc., eventually declined toward zero. The daily blood pressure 
varied from ISO to 170 mm. Hg. systolic and 80 to 100 mm. Hg. diastolic. 

Gm. per liter 


NaCl S.7 

NaHCOs 1.0 

Na lactate 4.S 

KCL 0.2 

CaCh 0.1 

NaH2P04 O.OS 

MgCl2.6aO 0.22 

Dextrose 20.0 


^Composition of modified Tyrode’s solution 
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Mild abdominal distention was not relieved by tube suction. Thereafter, peritoneal 
lavage became progressively less efficient and the blood NPN and urea N levels slowly 
increased. On the eighth day local signs of peritonitis appeared. The outflow fluid 
contained many polymorphonuclear leucocytes and gram negative bacilli, including 
E. coH, B. aero genes and Friedlander’s bacillus. He expired that evening. 

Postmortem examination disclosed diffuse fibrino-purulent peritonitis. The kidneys 
were large and the perirenal fat was edematous, indurated and hemorrhagic. Most of 
the true renal capsule had been removed. Microscopic examination disclosed a tubular 
nephritis. The great majority of the tubules showed swelling, disintegration, necro- 
biosis, and desquamation in the proximal and distal convoluted portions and in the 
limbs of Henle’s loops, with evidence of early regeneration, particularly in the prox- 
imal convoluted tubules. There Avas considerable interstitial edema. 




Table III- 

— Case 8 




Hospital day 

Adm. 

Ist 

2nd 

3rd 

4th 

6th 

6th 

Peritoneal fluid: 

Urea N (mg. %) 

. . 

47 

19 

12 

13 

12 

16 

Urea clearance (cc. min.) 

. , 

16 

12 

9 

4 

6 

6 

Culture 






E. coli 

Friedlander’s 

bacillus 

B. aerogenes 


Urine: 

Urea N (mg. %) 

Urea clearance (cc. min.) 


38 

86 

112 

107 

198 


Specific gravity 


1010 

1002 

”l007 

1008 



Reaction 


alk. 

alk. 

acid 

acid 

. , 


Albumin 


4-1- 

3-F 

2-1- 

3-1- 

• • 


Blood: 

COj cap. (vol. %) 

26 

21 

16 

23 

36 


48 

Cl~ (as NaCl mg. %) 

458 

664 

•• 

•• 


. • 

530 

Fluid balance: 

Peritoneal inflow (L.) 


47 

62.5 

65.2 

36 

33.6 

38 

Peritoneal outflow (L.) 


43 

62 

53 

26 

36 

40 

Lactate (cc.) 


500(M/6) 500(M/3) 500(M/6) 




Oral 


2190 

1505 

1510 

2000 

1700 

800 

Gastric drainage (cc.) 




100 

1500 

1200 

900 

Glucose retained from irrigating 

fluid (Gm. /day) 

•• 

206 

182 

.186 

109 

809 

260 


Comment. The cause of the loss of renal function was not known. 
Autopsy showed acute diffuse tubular damage. Although histologic evidence 
of early regeneration was seen, there was no recovery of renal function and 
no evidence that decapsulation had produced benefit. 

For some 48 hours the irrigation accomplished its purpose, except for 
failure to control acidosis in spite of the presence of lactate in the irrigating 
solution. The acidosis was readily corrected by intravenous sodium lactate. 
Edema did not develop. The treatment failed and the patient died because 
of peritonitis due to gram negative bacilli. The efficiency of irrigation de- 
creased after the first two days, possibly because of peritonitis, which prob- 
abl)’’ developed two days before it was recognized clinically. 
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Although sodium lactate in the irrigating solution was effective for con- 
trol of acidosis in two of the three patients in whom it was used, all three 
developed peritonitis. This may have been due to the prolonged period of ir- 
rigation, but the possibility that the increased alkalinity of the solution may 
have irritated the peritoneum sufficiently to reduce its resistance to bacterial 
growth or to encourage migration of bacteria through the wall of the intes- 
tine, led us to abandon the use of sodium lactate in the solution. 

The formula for subsequent clinical use then determined upon was modi- 
fied Tyrode’s solution with gelatin and glucose for the purpose of preventing 
fluid absorption. It was felt that further increase in glucose alone for this 
purpose, might prove too irritating. Because the gravity flow of the solution 
containing gelatine through the diatomaceous bacterial filter is too slow, the 
filter thenceforth was removed from the inflow circuit. 



URINE 

VOLUME 

(CC4t4KRSl 


Fig. 10. Case 8. 


Case 9.— G.H. (BIH 91590) : A 53- 
year-old man underwent perineal pro- 
statectomy at another hospital. After 
48 hours of normal urine output, acute 
renal failure set in following a severe 
reaction to the intravenous infusion of 
200 cc. of 5% glucose in saline. The 
febrile reaction was followed by wound 
hemorrhage and shock. Acidosis was 
prevented by the intravenous adminis- 
tration of sodium bicarbonate. Severe 
oliguria persisted for 10 days. The pa- 
tient was then sent to us for peritoneal 
irrigation. He was in advanced uremia, 
with edema from overhydration. Peri- 
toneal irrigation was carried out with a 
modified Tyrode’s solution containing 1 
per cent gelatin and 2 per cent glucose. 
The patient died 31 hours after irriga- 
tion was started. During this time 18.5 
Gm. of urea in the 43 liters of out- 
flow fluid was recovered. The outflow 
fluid remained sterile. Postmortem ex- 
amination disclosed intestinal disten- 
tion, but no peritoneal infection. The 
kidneys showed a typical lower nephron 
nephrosis, with healing in progress. 


Comment. The etiology of the kidney injury is obscure. A pyrogenic and 
apparently hemolytic reaction accompanied the intravenous administration of 
glucose in saline and was followed by a prolonged period of hemorrhagic 
shock. No incompatible blood was given. There was no recovery of renal 
function in spite of the histologic evidence of healing. 

Peritoneal irrigation was initiated when the patient was moribund. Little 
benefit could have been expected and none was observed. The presence of 
gelatin (1 per cent) and glucose (2 per cent) was effective in preventing the 
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absorption of water from the peritoneum. Outflow equalled inflow volume, 
and the patient’s edema did. not increase. No peritoneal infection occurred. 

Case 10. — E.M. (BIH 91718) : A 43-3'car-old male, was admitted to a neighbor- 
ing hospital complaining of bilateral low-'back pain of eight weeks’ duration, progres- 
sive oliguria of three weeks’ duration, and anorexia, nausea and vomiting for four 
daj's. One week prior to entry he experienced a severe chill. On admission, the 
blood pressure was 140/90 and the pulse 68. There were moist rales at both lung 
bases, but no other positive physical findings. Laboratory' data were normal except 
for a blood NPN of 187 mg. per cent, a COj of 36 vols. per cent. No urine was 

found on catheterization of the bladder. Retro- 
grade pyelography revealed no abnormality of 
bladder, ureters or renal pelves. High spinal 
anesthesia failed to induce urinary flow. He was 
transferred to us for peritoneal irrigation. 

There Avere fine moist rales in the lower lung 
fields. The abdomen was distended and typanitis. 
The right Babinski sign Avas positive, there Avas 
bilateral ankle clonus and involuntary' muscle 
tAvitchings. Vomiting aa'Us frequent. The blood 
pressure Avas 150/85 mm. Hg. Laboratory' data 
shoAved a RBC 3,870,000; Hgb. 13.6 Gm.; WBC 
19,500; NPN 216 mg. per cent; BUN 164 mg. 
per cent; COi combining poAver 46.5 per cent. 
There Avas no urine. 

Three hours following admission coutiunous 
irrigation through an infloiv tube and sump dram 
zvas started, using a modified Tyrode's solution* 
flOAving at an average rate of 24 cc. per minute 
for tAA'o and one-half days. Water-soluble vita- 
mins and penicillin Avere given intramuscularly 
and sulfathalidine orally. On the second day of 
irrigation the patient Avas given 150 grams of 
glucose intravenously in a total of 1700 cc. of 
Avater. The chest x-ray film shoAA'ed pulmonary 
congestion and bilateral hydrothorax. 

The blood urea clearance by peritoneal irri- 
gation varied from 12.3 to 19.0 cc. per minute 
during this period and the urea excretion aver- 
aged 40 grams per day'. The blood NPN and 
urea N declined, but the COs combining power 



Fig. 11. Case 10. 
remain essentially unchanged (Fig. 11 and Table 4). 


gelatin 

glucose 

NaHGO 

NaCl 

KCl 

CaCb (anhyd) 

MgCb.6H=0 

NaH=P04 


Gm. per liter 
10.0 
5.0 

2.25 

6.25 
0.2 
0.1 
0.2 
0.05 


*Composition of irrigating solution : 
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Substantial subjective improvement was evident, but the daily urine output re- 
mained less than 30 cc. Sixty hours after irrigation Avas started the peritoneal drain- 
age fluid was cloudy and yielded a growth of staphylococcus albus and diphtheroids, 
which were also cultured from the wounds llic next day. Irrigation was immediately 
discontinued. 

Thereafter, tiie blood NPN and tlic clinical evidence of uremia increased. Ab- 
dominal distention required intubation. A peritoneal tap two days and again four 
days after cessation of irrigation, yielded a pure culture of B. coli. Streptomycin 
therapy was given (6 gm. in 48 hours) but the patient grew rapidly worse, developed 
mild generalized and pulmonary edema, became comatose and died four days after ir- 
rigation was discontinued. There was no urine output in the last 4 days of life. 

Postmortem examination revealed yellow, cloudy peritoneal fluid and small flakes 
of purulent material covering the serosal surfaces of the upper abdominal viscera. 
There was mild edema of the lower lobes of the lungs. Both kidneys were markedly 
enlarged, swollen and deeply congested, weighing 260 Gm. each. Microscopy shoAved 




Table IV- 

-Case 10 





Hospital Say 

Adm. 

1st 

2nd 

3rd 

4th 

5th 

6th 

7th 

Peritoneal fluid: 









Urea N (mg. %) 

62.7 

99.7 

72.6 




, * 


Urea clearance (cc./ min.) 

12.3 

19.0 

12.7 






Culture 


sterile 


staph, albus 


E. eoU 


E. eoli 





diphtheroids 





Urine; 









Urea N (mg. %) 

e • 

232 



. . 

. . 



Reaction 

. . 

alk. 







Albumin 


4-f 

.. 






Culture 

• • 

E. eoH 

.. 

.. 

. . 

. ■ 

• ■ 

■ • 

Blood: 









COj cap. (vol. %) 

46,6 

38.6 

38.6 

40.6 

42.0 

29.0 

51.0 


Cl" (as NaCl mg. %) 

• • 

• « 

660 



. . 


, , 

Plasma protein (Gm %) 



.. 


5.8 



. . 

Hemoglobin (%) 

» • 

76 

94 

100 

. . 

• . 

, - 


Arterial Blood Pressure 









(mm. Hg) 

150 

130 

120 

130 

120 

106 


• • 


85 

75 

80 

90 

60 

60 




crescentic epithelial proliferation, adhesions, splitting, thickening and fusion of the 
capillary basement membrane, or complete fibrosis of the great majority of the glo- 
meruli. In many, necrosis, hemorrhage and an exudate of polymorphonuclear leucocy- 
tes were present. There was a diffuse interstitial infiltration of lymphocytes and 
plasma cells. No vascular lesions Avere found. Diagnosis : Chronic proliferative and 
acute exudative glomerulonephritis. 

Comment. Although a presumptive diagnosis of glomerulonephritis was 
made on admission, the uncertainty of the diagnosis and, therefore, the pos- 
sibility of recovery of kidney function led to a trial of peritoneal irrigation, 
which achieved a blood urea clearance of 12-19 cc/min., reducing blood nitro- 
genous levels, eliminating 40-50 grams of urea per day, and producing sub- 
jective improvement. One per cent gelatin and one-half per cent dextrose were 
used in the irrigating fluid. The outfloAv fluid volume Avas 0.6 to 6.0 liters less 
than the inflow per 24 hours. 
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Although on one occasion the peritoneal outflow fluid contained the same 
organisms found in the wound (staphylococcus albus and diphtheroids), the 
organism responsible for the peritonitis was E. coli, in pure culture. Strepto- 
mycin therapy produced no detectable benefit. 

Changes in technic were then designed to exclude as rigidl}^ as possible 
the introduction of bacteria via the irrigating fluid, even though the re- 
peated finding of E. coli as the predominant infecting organism suggested 
that transmural migration of intestinal organisms was the likely source of the 
peritonitis: (1) The open-top sump drain was redesigned. A closed top to 



3000 


2000 


1000 


D 

I 


7 9 It 13 15 17 19 


URINE 

VOLUME 

(CC/24HRS) 


PERITONEAL 

URINARY 


DAYS FROM KIDNEY INJURY 

Fig. 12. Case 11. — (Open bar indicates continuous irrigation; 
cross-hatched bar indicates intermittent irrigation.) 


prevent the escape of fluid into the dressings and a side-arm for the inlet of 
filtered air was provided.* (2) Another change in technic introduced at this 
time was the preparation of the irrigating fluid by adding all its constituents 
at once to cooled freshly distilled water and sterilizing by Berkefeld filtration 
rather than by heat. This was tried in the following case, but was later aban- 

* The principle of a sump drain is to maintain atmospheric pressure in the sump 
cylinder so as to avoid drawing surrounding tissues into the drain. Structures were 
not drawn into the holes of the outside cylinder in spite of the slight negative pressure. 
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doned because of the lack of proper apparatus to filter safely large volumes 
of fluid under pressure. The technic now in use for preparing the solution 
was, then devised and is described in the preceding section of this paper. 

Case 11. — ^E-W. (BIH 92825) : A 32-year-old woman, who had received sulfa- 
diazine for pneumonia four years earlier, was given 0.5 Gm. of sulfdadiazine every 
four hours for three days for pain and swelling of the left cheek, associated with a 
slight sore throat. At the end of this period she noticed edema of the face and eyes, 
moderate pain and tenderness in the midback and inability to void more than very 
small amounts of urine. A catheter specimen of urine contained albumin (4-f ), 
many granular casts and red and white blood cells. The blood pressure was 130/90 
mm. Hg. and the blood NPN was 122 mg. per cent. Catheterization of the ureters re- 
vealed no obstruction. During the subsequent four days treatment consisted in forced 
Huids, hypertonic dextrose, magnesium sulfatej penicillin intravenously and diathermy 
to the renal area. The urine output averaged 100 cc. per day. Edema increased; ab- 
dominal distention and cerebral depression appeared. She was transferred to this 
hospital for peritoneal irrigation after seven days of oliguria. 

On admission the patient was drowsy; her color was ashen gray, with moderate 
cyanosis of the lips and finger tips. There was edema of the face, ankles and lower 
back. There was dullness to percussion over the right lung base posteriorly. The ab- 
domen was distended with fluid. A definite Chvostek sign was elicited. 

A stainless steel inflow tube and a closed-top outflow sump (Fig. 3) were in- 
serted into the peritoneal cavity. Coniinnous irrigations tvas started imth a modified 
Tyrode’s soUiHon (Solution /*) containing 1 per cent glucose, one-half per cent gela- 
tin, heparin and penicillin. 

Streptomycin for E. coli urinary infection, water-soluble vitamins, and penicillin 
were given parenterally. Several whole blood transfusions and a daily slow intravenous 
drip of 30 per cent glucose in 500 cc. of water were given. The stomach was in- 
tubated and calcium gluconate, concentrated glucose and sodium lactate were intro- 
duced through this tube. The tube could not be made to pass beyond the pylorus. 

After three days of continuous irrigation with an average of 28 liters of fluid 
daily, and with the extraction of 20 Gm. of urea per day, there was definite clinical 
improvement (Fig. 12 and Table V), The patient became alert, well-oriented, and 
active. The daily urine volume did not exceed 200 cc. Edema decreased markedly. 
But increasing abdominal distention, fever and tachycardia led to discontinuing the 
irrigation. It was resumed 18 hours later. Phosphate was omitted from the solution 
(Solution II — see above), which was now introduced and withdrawn intermittently. 
A liter of fluid was allowed to dialyze for 45 minutes and then was removed by 
suction. 


^Solution I 

(sterilized by 

Solution II (sterilized by 

Berkefeld filtration) 

autoclaving) 


Gm. p'er liter 

Gm. per liter 

NaCl 

7.25 

7.25 

KCl 

0.2 

0.2 

CaCl:(anhyd.) 

0.1 

0.1 

MgCh.6H:0 

0.2 

0.2 

NaH=P04 

0.05 

0 

NaHCO, 

1.5 

1.5 

Dextrose 

10.0 

10.0 

Gelatin 

5.0 

5.0 

Final pH 7.45 


Final pH 8.1 — 8.5 
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The abdomen became so severelj' distended by the sixth hospital day that the fluid 
introduced produced marked respiratory distress. Irrigation was discontinued and the 
tubes were removed. All measures for relief of distention failed. The patient be- 
came manic and disoriented. An enterostomy tube was placed in a loop of small 
bowel. Peritoneal fluid taken for culture during this procedure was sterile. The next 
day (eighth hospital day) stupor, dyspnea, tcch 3 'cardia and a blood NPN of 172 mg. 
per cent made it seem that, although urine' output was increasing, adequate renal 
function would not occur soon enough to prevent death. A sump drain was re-inserted 
in the left lower abdomen under local anesthesia and intermittent irrigation was in- 
stituted, using the sump for both inflow and outflow. For some 30 hours there was 
progressive improvement in clinical and laboratory findings. The patient again be- 
came alert and co-operative. But E. colt was found in pure culture in the outflow 
fluid during the next two days. Acute pulmonary edema developed on the ninth hos- 
pital day. It subsided, but coma and decline in urine output developed and death fol- 
lowed in the tenth hospital daj^ 17 days after the original renal shutdown. 

Postmortem examination revealed cerebral edema, congestion of the middle and 
lower lobes of the right lung and fibrinopurulent pelvic peritonitis. The kidneys were 
swollen and congested. Renal microscopy showed a lower nephron nephrosis, i.e., 
normal glomeruli, necrosis and hemorrhage of the lower tubular segments, which con- 
tained spherulo-radiate crystals, refractile to polarized light and resembling sulfona- 
mide crystals. An interstitial exudate, most pronounced at the cortico-medullai^y 
junction, contained lymphocytes and plasma cells. 

Comment. The apparent cause of the renal, shutdown in this instance was 
sulfonamide hypersensitivity, produced by prior administration. The blood 
urea clearance achieved by peritoneal irrigation was not great enough to pro- 
duce a substantial decline in blood NPN or urea N concentrations, but a 
large amount of urea was removed. Improvement in the uremic state resulted. 
Since this patient came to us considerably overhydrated, intravenous therapy 
for starvation acidosis and hypocalcemia was avoided. Intestinal distention 
was probably aggravated by the hypertonic glucose fed via the stomach tube. 
It is doubtful whether the enterostomy, though ill-advised, was responsible 
for the peritonitis, since the inflammatory reaction was confined to the pelvis 
and the enterostomy area was free of infection. 

After this experience it was decided that the low blood calcium and the 
high blood phosphate should be treated not only by omitting phosphate but by 
increasing calcium in the irrigating fluid. 

It was also decided at this time that the rigid sump drain was unsatisfac- 
tory, (1) because it was still possible for fluid to pass back and forth from 
the peritoneal cavity to the skin along the outside of the drain cylinder, and 
(2) because the tip of the drain could not be kept at the bottom of the pelvic 
cul-de-sac, which is necessary if a stagnant puddle which permits absorption 
of water and facilitates infection from contaminating organisms, is to be 
avoided. Consequent!}'’, the sump drain was shortened so as to form an as- 
pirating tip to a flexible tube, which would be passed through the abdominal 
wall at staggered levels and would emerge from the abdomen well above the 
intraperitoneal fluid level, there to be attached to a closed system for inter- 
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mittent or continuous irrigation with the assurance of complete aspiration 
of the fluid, and without the possibility of ebb and flow between the skin 
and the peritoneal cavity. 

Case 12. — E.P. (BIH 93042) : A 36-year-olci housewife (blood group 0) re- 
ceived 500 cc. of incompatible blood (group A) after operation for a right tubal preg- 
nancy at another hospital. During the transfusion a chill was followed by shock. 
Further transfusions (correctly matched) were given. Urine output decreased from 
120 cc. on the first post-operative day to 0 cc. on the fifth, with progressive daily in- 
crease in blood NPN, which reached 140 mg. per cent on the fifth post-operative day, 
when she was transferred to this hospital. 

On admission the patient was cyanotic, drowsy and responded only b 3 '’ feeble 
head movements. Respiration was rapid and shallow. There was dullness, bronchial 
breathing and a few crepitant rales at the right lung base posteriorly. The abdomen 
was diffusely distended, tympanitic and silent. There w'as a vertical suprapublic 
\vound with skin clips in situ, draining blood and showing hemorrhagic extravasation. 
There was pitting edema of the lower back, thighs and ankles. Both optic disc mar- 
gins were slightly blurred. The blood urea N W'as 138 mg. per cent, sodium chloride 
492 mg. per cent, CO- combining capacity 55 vols. per cent, icteric index 13, calcium 
5.7 mg. per cent, phosphate 9.0 mg. per cent and total protein 6.0 Gm. per cent. The 
Chvostek and Trousseau signs •were negative. 

A Miller-Abbott tube was passed beyond the pjdorus, oxj’gen was given by mask 
and the intramuscular administration of penicillin and ■water-soluble vitamins was 
started. 

The following morning the patient’s color was better and abdominal distention 
was less. The chest signs were unchanged. In view of the duration and severity of 
the uremic state it was considered necessary to institute peritoneal irrigation without 
further dela}'. Because of the condition of the incision and the inflammatory reaction 
of the peritoneum, intermittent filling and emptying of the peritoneal cavity was at- 
tempted through a large bore needle, which was withdrawn after each filling and 
emptying. Approximately 2000 cc. of solution* an arbitrary amount determined by 
the patient’s tolerance, was introduced at each filling, allowed to remain for three 
hours, after -which aspiration was undertaken. Multiple punctures in a TOriety of sites 
were required to withdraw the fluid, and only 1400 cc. and 1350 cc. of fluid respec- 
tively were recovered after the first two instillations. During this period the patient 
received a very slow (six4iour) intravenous infusion of 30 per cent glucose in 500 cc. 
of water. Soon after the third peritoneal filling (1500 cc.) the patient suddenly became 
deeply cyanotic and markedly dyspneic, with associated tachycardia, restlessness and 
apprehension. Chest signs, confirmed by x-ray, were consistent with massive pul- 
monary edema. Paracentesis did not remove a significant amount of fluid and the 
operative wound had now separated widely, down to the deep fascia. Because of the 
patient’s extremely precarious condition, therapy Avas limited to snug taping of the 
lower abdomen. 



Gm. 

NaCl 

7.4 

KCl 

02 

CaCh 

0.2 

MgCb.6H.O 

0.22 

NaHCO, 

1.0 

dextrose 

5.0 

gelatin 

10.0 


pH 7.1 (after autoclaving) 
^Composition of irrigating solution (per liter) 
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Pulmonarj- edema was treated b}”- ox 3 'gen under positive pressure, morphine and a 
sharplj' upright position of the patient in bed. The following morning respiration was 
slightly less labored and was improved by a right thoracentesis, yielding 500 cc. of 
clear yellow fluid. Diffuse coarse pulmonarj' rales persisted. The abdomen was 
softer, apparently due to absorption of retained peritoneal fluid. 

The fluid retained in the peritoneal cavity, as shown bj' the deficit in the fluid 
withdrawn, totaled 2750 cc. in the 7 hour period of intermittent irrigation. The 
peritoneal fluid removed had a urea concentration equal to that of the blood, so that 
in all 3.8 Gm. of urea were removed (blood urea clearance S.O cc. per minute). No 
improvement in blood nitrogen levels was accomplished and the COj combining 
capacit}’’ dropped to 43 vols. per cent. 

For a day and a half following the episode of pulmonary edema no fluid was 
given except for the oral administration of 160 cc. of normal sodium lactate. During 
this period the patient’s color improved, respiration became less labored and the lung 
fields became clearer, though scattered moist rales and dullness at both bases per- 
sisted. Peripheral edema increased. Fever (103.8°) at the end of this period was at- 
tributed to pulmonary infection. Intramuscular streptom 3 'cin (4 Gm. daily) was 
started and penicillin was increased to 250,000 units every four hours. 

B 3 ’’ the afternoon of this, the eighth postoperative day, the patient showed signs 
of marked uremic intoxication. She was semi-comatose. There were frequent tetanic 
movements of the extremities. The blood NPN was 182 mg. per cent, urea N 163 mg. 
per cent and the COa combining capacity 37.5 vols. per cent. 

Intermittent irrigation with the single flexible sump drain ivas started. Five hundred 
cc. of solution was introduced, allowed to equilibrate for 15 minutes, then re- 
moved by gentle suction, and replaced by fresh solution. The entire cycle required 
approximately thirty minutes. The overall flow rate averaged 21 cc. per minute. After 
seven hours of irrigation the patient regained consciousness and recognized people in 
the room. The irrigation was continued for forty-four hours, during which the in- 
flow volume totaled 57 liters and the outflow 56 liters. In the first 26-hour 
period the urea N content of the outflow fluid was 95 mg. per cent (blood urea 
clearance, 12 cc. per minute) and 61 Gm. of urea were removed. The blood NPN 
fell to 160 mg, per cent, but the CO 2 combining capacity dropped to 25 vols. per cent 
and the venous blood pH was found to be 7.1. Sodium lactate (250 cc. of N/6 solu- 
tion) and 500 cc, of blood were given intravenous^'. The subcutaneous edema in- 
creased but the lungs were now entirely clear. In the next eighteen hours, the urea N 
concentration in the outflow fluid was 54 mg. per cent (blood urea clearance 8.2 cc. 
per minute) and 26 Gm. of urea were removed. 

The clinical state deteriorated. In spite of the rapid administration of 1500 cc. of 
whole blood and 1,000 cc. of plasma and the slow infusion of 20 per cent glucose, the 

patient died in shock and coma on the tenth postoperative day, when the blood NPN 

was 152 mg. per cent and CO 2 combining capacity 40 vols. per cent. The peritoneal 
outflow fluid remained sterile throughout the period of irrigation. The urine output 
never exceeded 60 cc. dail 3 '. 

Postmortem examination revealed no evidence of peritoneal irritation, except for 
a small fibrinous exudate on a loop of small bowel in the vicinity of the sump drain. 

The lungs were edematous. This probab^' developed terminally as a result of the 

large amount of fluid given in the effort to combat shock. The brain, too, rvas slightly 
edematous. The kidneys were slightly swollen and engorged on cut section. Micros- 
copy showed a lower nephron nephrosis, i.e., the glomerular tuft -was within normal 
limits; the capsular space was dilated and contained abundant albuminous debris; and 
the tubules showed necrosis and desquamation of the epithelium in the lower segment. 
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A majority of the tubules contained freshly extravasated blood and rather large heme 
pigment casts. The tubules contained spheruloradiate crystals, which were refractile 
under polarized light and which resembled sulfonamide crystals. 

Comment. This patient presented a t)^pical syndrome of severe renal in- 
jury due to incompatible blood. No recovery of renal function was observed 
in the ten days she survived. Time was lost in an ineffective effort to accom- 
plish dialysis by peritoneal filling and emptying via needle punctures. The 
absorption of a large quantity of fluid which could not be recovered by as- 
piration from the peritoneal cavity produced pulmonary edema and clearly 
demonstrated the inadequacy and the danger of such a technique for dialysis. 
The sump drain functioned smoothly and with excellent efficiency until shock 
developed, probably because treatment of the urema was begun too late. 

Case 13. — ^B.C. (BIH 93563) : A 38-year-old bartender, entered a neighboring 
hospital for pneumonia and delirium tremens. Sulfadiazine (22 Gm.) and sodium bi- 
carbonate (22 Gm.) were given in the first three days. He also received penicillin, 
paraldehyde, sodium phenobarbital, sodium bromide, demerol and hyoscine. Anuria 
occurred on the third day and sulfadiazine was omitted. No obstruction of the 
ureters was demonstrated. 

After three days of anuria he was transferred to this hospital. He was cj'anotic, 
orthopneic, disoriented and extremely irritable. His breath had a sweetish odor. 
There was limited expansion of the right side of the chest, with signs of consolidation 
in the right upper lobe and fine moist rales at both bases. The abdomen was dis- 
tended. The skin showed a generalized maculopapular rash. 

Temperature on admission was lOO^F., pulse 100, respirations 30, blood pressure 
150/100 mm. Hg. There was no urine. RBC was 3.43 million, Hg. 85%, and WBC 
19,000. Blood NPN was 206 mg, per cent, BUN 170 mg. per cent and NaCl 464 mg. 
per cent. X-ray examination revealed haziness of the upper two thirds of the right 
lung and of the mid-lung field on the left and elevation of the right diaphragm. Ab- 
dominal films showed gaseous distention of the small intestine and ascites. 

Penicillin and paraldehyde were given parenterally. Oxygen was given by mask 
and tube suction was instituted. Whiskey orally and sulfathalidine by tube were ad- 
ministered. The following day the patient received 500 cc. of blood, followed by 
1,000 cc. of 10 per- cent glucose in saline intravenously. A catheter recovered 100 cc. 
of grossly bloody urine, which was alkaline, with a specific gravity of 1018, and con- 
tained albumin aad a sediment packed with erythrocytes. E. coH, enterococci, pyocya- 
neus and proteus were grown on culture of the urine. The rectal temperature ranged 
from 101° to 104° and the pulse rate from 100 to 120. 

' On the third hospital day the blood NPN was 228 mg. per cent, blood urea N 203 
mg. per cent, CO 2 combining power 36 vol. per cent, NaCl 496 mg. per cent and sulfa- 
diazine level 11.4 mg. per cent. The RBC had increased to 5.1 million, Hgb. to 100 
per cent and WBC to 23,000. There were no signs of pulmonary or peripheral edema. 
Intermittent peritoneal lavage through a flexible sump drain was instituted : 500 cc. 
of the irrigating solution* was allowed to remain for 15 minutes and then removed. 
500 cc. of 10 per cent glucose in saline intravenously was given to balance the volume 
of aspirated gastro-intestinal fluid. The urine output for that day totalled 10 cc. 
Thereafter, the total fluid intake exceeded the volume withdrawn from the gastro-in- 
testinal tract b 3 ^ 1,000 cc. per day. 


*Composition and preparation of irrigating solution as in previous case. 
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Oil the following daj' the patient appeared less euphoric, more rational and not 
quite as dyspncic. By evening minimal edema of the legs was apparent. The blood 
NPN had fallen to 186 mg. per cent and the CO 2 combining power to 26 vols, per cent. 
The blood calcium was 5.2 mg. per cent and the blood phosphate 12.0 mg. per cent. 
The serum protein level was 5.27 Gm. per cent (3.16 Gm. of albumin and 2,11 Gm. of 
globulin). Sodium lactate (10 cc. of molar solution) and calcium gluconate (80 cc. 
of 10 per cent solution) were given intravenously and sodium lactate and sodium bi- 
carbonate solution were given hourly via the IMillcr-Abbott tube. The urine output 
was 45 cc. Urine culture was sterile. 

The next (fifth) dai', temi)eraturc, pulse and respiratory rate rose sharply. The 
Llood NPN and BUN were 170 and 147 mg. per cent respectively and the NaCl was 
574 mg. per cent. The CO: combining power had dropped to 22.5 vols. per cent. 
Only 15 cc. of urine were obtained from the bladder. The patient expired that eve- 
ning, after 8 daj^s of anuria. 

Peritoneal lavage lasted a total of 5014 hours. During that time only 37 Gm. 
of urea was recovered (the urea clearance varied from 1.7 to 5.6 cc. per minute). Ap- 
proximate measurement indicated that of the total inflow of 52.75 liters of irrigating 
solution, 49.25 liters were recovered, leaving a deficit of 3.5 liters, which was retained 
by or absorbed from the peritoneal cavity. 

Postmortem examination revealed approximately 2,000 cc. of turbid yellow fluid in 
the pelvis. Smear of this fluid demonstrated E. coli. There was a fine, flaky fibrin 
deposition in the pelvis and slight injection of the pelvic peritoneum extending into 
the lateral gutters. There was consolidation of the entire upper lobe of the right lung 
and patchy consolidation of the upper lobe on the left. The remaining lobes of the 
lungs showed moderate edema. The kidneys weighed 290 Gm. each. Microscopically 
they showed a lower nephron nephrosis, i.e., the glomeruli were normal, but there was 
necrosis, desquamation and dislocation of the tubular epithelium of the lower portion 
of the nephron. In addition the proximal convoluted segment showed an extreme de- 
gree of cloudy SAvelling and droplet degeneration. A few tubules contained reddish 
brown amorphous casts and were surrounded by an interstitial exudate of lymphocytes, 
plasma cells and eosinophilcs. These findings were most marked in the cortico- 
medullary juncture. 

Comment. The renal damage was apparently the result of suldiazine in- 
toxication, No recovery of renal function was observed in the eight days the 
patient survived after the onset of anuria. The irrigation was inefficient for 
reasons that are obscure. Moreover, the infection of the peritoneal cavity 
was inexplicable rapid. 

Case 14. E.A, (BIH 94529) ; A 24-year-old white female was transferred in a 
moribund state from another hospital, where she had been treated for 40 days for 
progressive uremia resulting from subacute glomerulonephritis. Her daily urine out- 
put was 400-700 cc. the first week, less than 100 cc. the third week, less than 60 cc. the 
fourth week. The blood urea nitrogen had risen to 112 mg, per cent. The clinical 
course was progressively downhill, with hematemesis, occasional convulsions and even- 
tuall}'’ pulmonary edema, in spite of restricted fluid administration. It %vas felt that 
though the prognosis was grave, improvement by peritoneal irrigation might facilitate 
some recovery of renal function. 

On admission to the Beth Israel Hospital, the patient had pulmonary edema, sub- 
cutaneous edema and ascites. The blood NPN was 308 mgm. per cent, blood urea N 
236 mg. per cent, CO: combining capacity 21.5 vols. per cent, Hgb. 20 per cent, hemato- 
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crit 10 per cent, RBC 1.08. Intermittent irrigation* was carried out for 21 hours. The 
total inflow was 17.5 liters, total outflow 17.5 liters, total urea removed 39 Gm., average 
blood urea clearance 8.5 cc. per minute. Thereafter the patient died. The peritoneal 
outflow fluid remained sterile. 

Postmortem examination revealed anasarca, severe pulmonary edema and conges- 
tion, early bronchopneumonia and multiple small areas of hemorrhage in the gastric 
mucosa. Several fine deposits of fibrin were found in the pelvis, without evidence of 
inflammation or suppuration. The kidneys showed advanced subacute glomeru- 
lonephritis. 

Comment. At this stage in our clinical experience we had concluded that 
to avoid absorption of irrigating fluid it should contain not less than 1% gela- 
tin and 1% glucose. We could not determine how effective such concentra- 
tions would be for the abstraction of edema fluid. We decided to avoid gross 
modifications of this formula in the future except perhaps in a case such as 
this one, in which the edema is so threatening as to compel the emergency use 
of a much more hypertonic solution. This patient was near death on admis- 
sion. Fluid absorption was avoided, but not enough time was available to 
test the ability of this formula or a similar one with greater hypertonicity to 
remove the retained fluid. It was clear also that in addition to the composi- 
tion of the fluid, the avoidance of a stagnant pool in the cul-de-sac was essen- 
tial to prevent absorption. While we were confident that we could now 
handle fluid and electrolyte balance effectively, the problem of the prevention 
and control of peritonitis still remained. 

Case 15. — E.H. (BIH 94733) : A 22-3'ear-old man underwent partial lobectomy 
for bronchiectasis at another hospital. The operative procedure lasted over five hours 
and was followed by several hours of shock. During and immediately after operation 
2000 cc. of blood were given. On the third postoperative day, because of anemia, 500 
cc. of blood was given. There was no clinical evidence of transfusion reaction and no 
sulfonamide drug was given. 

Oliguria was noted throughout the postoperative period. The total urine volume 
per 24 hours in the first postoperative day was 450 cc., in the second day 450 cc., in 
the third 280 cc. and in the fourth 136 cc. On the fourth postoperative daj' the blood 
NPN was found to be 120 mg. per cent and the patient complained of severe bilateral 
costovertebral angle pain. 

He was transferred to this hospital. Peritoneal irrigation* was begun the after- 
noon of the fifth postoperative day and was continued without interruption for 48 
hours. The outflow fluid remained sterile. A substantial removal of nitrogenous ma- 
terial and reduction in blood NPN wa.s accomplished (see Fig. 13 and Table VI). 
Urine output increased so that peritoneal irrigation was discontinued in anticipation of 
renal recoverJ^ Rapid improvement in renal function occurred. 

The patient was discharged in excellent condition on the twenty-first postoperative 
day, at which time the blood chemistry was normal, the urine was free of albumin or 
cells, but was alkaline and of low specific gravity. The renal urea clearance was still 


*Composition and preparation of solution as in preUous two case.s except for an 
increase in glucose concentration to 1 per cent. Technique of indgation as in Cases 
12 and 13. 

*Composition of solution and conduct of irrigation as in the previous case. 
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onlj'- 40 cc/min. Two months later, the blood and urine were normal but urea clear- 
ance (47 cc/min) was still below normal. 

r 

Comment. The renal injur}^ was probably due to surgical shock, although 
the flank pain suggests some other agent. Peritoneal irrigation was started on 
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Fig. 13. Case 15. — (Cross-hatched bar indicates intermittent irrigation.) 


the fifth day of oliguria and was discontinued on the seventh day, when the 
urine output reached 1000 cc. In spite of a linear increase in daily urine out- 
put, the blood NPN rose immediately after discontinuance of peritoneal irri- 
gation. It was not until the 11th day, when the daily urine volume reached 
3000 cc., that the urinary urea clearance value equalled the peritoneal urea 
clearance value. A significant decline in blood urea N then began. It is 
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likely that recovery in this instance would have occurred without peritoneal 
irrigation. 

Case 16. — J.P.M. (BIH 94966) : A 22-3'car-okl woman, received 2500 cc. of 
plasma and 500-1000 cc. of Type B blood for post partnm hemorrhage and shock. 
Anotlier transfusion of 100 cc. of Tj'pe B blood given 8 days later for anemia caused 
generalized pain, headache and violent vomiting. Investigation disclosed that the pa- 
tient’s blood type was 0. 

The patient voided 730 cc. of bloody urine in the first day following the transfu- 
sion reaction, and but 80 cc. of bloody urine the next day. Intravenous fluid therapy 
included 200 cc. of 12J^ per cent glucose, 500 cc. of Hartman’s solution and 1000 cc. 
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Fig. 14. Case 16. — (Open bar indicates continuous peritoneal irrigation.) 

of 5 per cent, glucose in water. Hot packs were applied to the costovertebral angles. 
On the third day following the transfusion reaction the patient voided 30 cc. of dark 
urine, her blood NPN was found to be 78 mg. per cent. She was then transferred 
to us. 

Upon admission the patient was extremely pale and mildly edematous. Blood 
findings included RBC 2.6 million, Hgb. 50%, WBC 15,000, NPN 103 mg. per cent, 
CO 2 combining power 40 vols. per cent, NaCl 502 mg. per cent, phosphate 9.0 mg. per 
cent, calcium 9.7 mg. per cent. A catheterized urine specimen disclosed : sp. gr. 1003, 
acid reaction, albumin 4+, WBC 8-10 hpf, RBC 10-12 hpf. 
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Peritoneal irrigation was carried out by a technic of continuous flow at a rate 
of 21-31 ccfmin. from <a small rubber inflow catheter in the right upper quadrant to 
the sump drain in the pelvic cul-de-sac. The solution was that used in the last case. 
Irrigation was carried out without difficulty for 89 hours. The effect upon the olood 
NPN and urea is shown in Figure 14 and Table 7, A total of 52.5 Gm. of urea was 
removed and a urea clearance value of 13.9 cc/min. was attained. The patient’s clin- 
ical appearance did not change greatly. 

Auxiliary treatment during this period included: penicillin (50,000 units every 
three hours), water soluble vitamins given intramuscularly, 5 per cent glucose in water 
given intravenously (1-2 liters per day) containing 160-320 cc. of molar sodium lactate 
solution, two 500 cc. transfusions of type O blood, and gastrointestinal suction drain- 
age via a Miller-Abbott tube. 

On the last day of irrigation a few E. colt were found in one sample of outflow 
fluid. A subsequent sample gave no growth, but a smear showed scattered polymorpho- 
nuclear leucocytes containing a few phagocytosed gram negative bacilli. Streptomycin 
was given (0.5 Gm. intramuscularly every three hours) for one and one-half days 
(total 9.5 Gm.) and penicillin administration (total dosage 3.9 million units) was con- 
tinued for two and one-half days thereafter. No clinical evidence of peritonitis ap- 
peared. 

Two days after cessation of irrigation the blood NPN and urea N concentration 
rose to higher levels than those found on admission. But diuresis had started by this 
time so that peritoneal irrigation was not resumed. Steady improvement in renal 
function occurred. When the patient was discharged well twenty days after the 
transfusion reaction, the daily urine output was 3500- cc, Avith a urea content of 16 
Gm. (renal urea clearance 25 cc/min), sp. gr. 1004 and 2+ albumin. 

Six weeks later the patient was well. The urine was free of ablumin and showed a 
sp, gr. of 1007. The blood urea clearance was 48 cc/mm. Blood chemistry was 
normal. 

Comment. Continuous peritoneal irrigation carried out for 89 hours pro- 
duced a substantial reduction in azotemia, although increasing acidosis re- 
quired sodium lactate therapy. E. coli was grown from the peritoneal outflow 
fluid on one occasion on the last day of irrigation. Clinical peritonitis was 
not in evidence. Renal recovery first became manifest on the ninth day after 
the transfusion reaction and progressed so as to restore normal blood chem- 
istry within the next six days. Significant impairment of renal function was 
still manifest six weeks thereafter. 

It cannot be said that recovery would not have taken place without peri- 
toneal irrigation. Spontaneous diuresis may occur in patients suffering from 
a transfusion reaction about the time this patient showed it, or a few days 
later. 

Case 17. — ^A.M. (BIH 95349) : A 46-year-oId man with uremia, malignant hyper- 
tension, left hydronephrosis, congestive heart failure and anemia seemed moribund 
after eight days of hospital care. Peritoneal irrigation was requested by the attending 
physicians, who considered it remotely possible that the unilateral hydronephrosis was 
contributing to the hypertension, and that nephrectomy might be undertaken if the 
uremia could be corrected. 

With this slim hope in mind, continuous irrigation by an inflow catheter and 
sump drain at a flow rate of 25 ccfmin. was started. At that time pulmonary edema 
was present. The blood NPN was 186 mg. per cent, BUN 138 mg. per cent, CO: 
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combining power 22 vols. per cent, NaCl 332 mg. per cent, Ca 7.7 mg. per cent, phos- 
phate 16.0 mg. per cent. Urea clearance values of 16-18 cc/min. were attained. Sodium 
lactate (160 cc. of molar solution), given intravenousl}', failed to raise the CO: com- 
bining power. A smear of the outflow fluid taken the evening of the first day of ir- 
rigation showed a few gram negative rods which did not grow in culture. E. colt in 
pure culture was grown from the peritoneal outflow fluid after 24 hours. Furacin, 
known to be effective against gram negative organisms when applied topically, was 
added to the irrigating solution to a concentration of 1/40,000.* The peritoneal out- 
flow fluid yielded no growth one hour after the Furacin was added to the irrigating 
solution, but a culture taken five hours later showed a small growth of E. colt. 

The patient’s general condition remained very poor and he e.xpired after 36 hours 
of peritoneal irrigation. 
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The amount of protein removed** by the irrigation was 71.7 Gm. in 36 hours. 

Postmortem examination disclosed no evidence of peritonitis. There was enlarge- 
ment of the heart and pulmonary edema and congestion. There was a stricture at 
the left uretero-vesical junction with marked dilatation of the left ureter and kidney 
pelvis, both of which contained purulent fluid. The histologic examination of the kid- 
neys disclosed necrotizing arteriolitis, arteriolosclerosis and arteriosclerosis. 

*Furacin in this concentration was found to be effective against E. coli in vitro 
and to a lesser extension in vivo (17). Experiments on dogs suggested that the toxic 
effects of absorption of Furacin would be avoided at this concentration. 

**The method of analysis for the protein was as follows : SO cc. samples were 
brought to a pH of 4.8-4.9 by the addition of 100 cc. of an acetate buffer solution, 
boiled for thirty minutes and then filtered. The precipitates were washed, dried and 
weighed. No protein is recovered as a precipitate from the irrigating fluid itself. 
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Comment. This patient was moribund when irrigation was started. Nitro- 
gen removal proceeded efficientl)’-, but survival was not long enough to effect 
a significant cliange in the uremic state, E. coli appeared in the peritoneal 
outflow fluid within 12-24 hours. 

Case 18. — F.A. (BIH 97808): A 39-year-old female was transferred to the Beth 
Israel Hospital because of post-eclamptic oliguria and uremia six days after Caesarean 
section. Pre-eclampsia during pregnancy three years earlier had been terminated by 
Caesarean section because of a deformed pelvis. On admission there was pitting 
edema, the arterial pressure was 150/90 mm. Hg., the fundi were normal, the blood 
NPN was 186 mg. per cent and the CO 2 combining power 20 vols. per cent. 

The patient was observed for about 20 hours, during which her condition deteri- 
orated considerably. She became drowsy and apathetic and exhibited hypocalcemic 
twitchings and tetany. The bladder contained 25 cc. of turbid, alkaline urine witli a 
sp. gr. of 1003, albumin (4-{-), red and white cells, E. coli, gram-positive cocci and 
diphtheroids. At this time the blood NPN was 202 mg. per cent, the serum calcium 
4.8 and the serum phosphate 11.1 mg. 

The intestine was intubated. Intermittent peritoneal irrigation was carried out 
tuith 500 cc. volumes of solution (1% gelatin and 1% glucose) zvhich were removed 
after a ten-minute period. The patient seemed moribund during the first 12 hours, 
but thereafter clinical improvement concomitant with improvement in blood chemistry 
occurred (Table 8 and Figure 15). The intravenous fluid was limited to 1000-1500 cc. 
per day, which included whole blood, 15 per cent glucose in water, molar sodium lac- 
tate solution (160-240 cc.) and 10 per cent calcium gluconate (30 ct. or more). Peni- 
cillin and the water soluble vitamins were given intramuscularly. Irrigation was ter- 
minated after 60 hours. The sump was removed. B. subtilis was found in the out- 
flow fluid throughout the irrigation period. There were equivocal signs of peritoneal 
infection, which disappeared when the irrigation was stopped. 

Diuresis began within a day after the cessation of irrigation (10 days after renal 
shutdown) . In spite of rapidly increasing urine volumes the recovery of concentrating 
power was slow, so that a secondary rise in blood nitrogenous levels occurred. Dur- 
ing the next four weeks she regained mental clarit}', a normal arterial pressure and 
clinical well-being. Nausea and vomiting were the last symptoms to disappear. On 
discharge the blood chemistry was normal, the urine was acid, free of albumin or sedi- 
ment with a sp. gr. as high as I.OIS. Renal blood urea clearance, however, ^v^s less 
than 1/7 of normal. 

Comment. Little is known of this patient’s renal function prior to the 
eclamptic convulsions. The slow renal recovery after the onset of diuresis 
and the markedly reduced function at the time of discharge suggest reduced 
renal function prior to the second pregnancy. The patient was so sick when 
irrigation was started that it is doubtful if she would have survived long 
enough to permit spontaneous renal recovery. For this reason we believe that 
the irrigation therapy was responsible for the induction of diuresis. B. sub- 
tilis is considered non-pathogenic. It was the sole organism recovered from 
the peritoneal outflow fluid. Its pathogenicity in this case was not determined. 

DISCUSSION 

Of the group of 18 patients, in this and a previous report, 4 recovered and 
14 died (Table IX). Of the 14 patients who died, 5 had renal lesions which 
can be assumed to have been irreversible, 8 had lower nephron injuries and 
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1 had tubular nephritis. Death could be attributed to uremia or pulmonary 
and cerebral edema in 5 of these cases, to peritonitis which resulted from irri- 
gation in 3, to postpancreatectomy peritonitis in 1, in lesser degree to peri- 
tonitis in 3, to pulmonary embolus in 1 who had recovered renal function, 
and to terminal carcinoma in 1. 

The cause of renal failure in the 4 who survived was sulfathiazole sensi- 
tivity, surgical shock, incompatible blood, and eclampsia. In the case of sur- 
gical shock, the return of renal function would almost certainly have ensued 
without peritoneal irrigation. 


Table X * — The Occurrence of Peritoneal Infection During Irrigation 


Case 

Organisms 

Appearance of positive 
cultures 

(day of irrigation) 

Total duration of 
irrigation 
(days) 

1 

0 


two 2 day periods 

2 

E. coU 

12 

12 (discontinuous) 

3 

E. colt 

3 

7 

4 

E. colt, slaph. albus, Cl. welchii, enterococci 

6 

6 

5 

0 

• t 

2 

6 

E. coU, gram positive diplococd. 

7 

10 


B. ppocyancm, B. euililis 

10 


7 

(streptococci and diphtheroids) 

(before irrigation) 



E. eoK 

3 

m 

8 

E. colt, B. aerogenes, Friedlander’s bacillus 

7 

7 

9 

0 

• • 


10 

Staph, albm and diphtheroids 




E, eoli 

2 days later 



E.coli 

4 days later 


11 

E. eoli 


6 

12t 

0 

» • 

2 (44 hours) 

13t 

E. colt 

2 

2 (60 hours) 

14t 

0 

« « 

1 (21 hours) 

15t 

0 

• « 

2 (45 hours) 

16 

E. colt 

4 

4 

17 

E. colt 

1 

VA 

18t 

B. siihlilts 

1 

m 


*We are indebted to Dr. Fritz Schweinburg of the Department of Surgical Research for bacteriologic studies, 
tlrrigation by intermittent (filling and emptying) technic. 

(Note: Flexible sump drain used in case 12 andThereafter. Irrigation by continuous technic except as 
noted above). 


These mortality data, however, are of no great significance. These pa- 
tients, who could be expected to die, were, we believe, justifiably utilized as 
experimental subjects for the purpose of perfecting a hopeful therapeutic 
technic which was and still is in an evolutionary stage. 

Peritonitis (Table X) : It is obvious that this method is not a clinically 
acceptable one unless and until it can be utilized with reasonable assurance 
that peritonitis will not occur or will be curable if it does occur. In only 6 
of the 18 patients reported in this and in the previous paper, did the peri- 
toneal outflow fluid remain sterile throughout the period of irrigation and 
none of these six patients was irrigated for longer than 48 hours at a time. 
In two of the other 12 patients organisms were found in the outflow fluid 
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after 24 hours, in four after 72 hours, in five between 4-7 days and in one 
(Case 2) after twelve days of discontinuous irrigation. E. coli was found 
in 11 of the 12 patients, in eight in pure culture and in the remainder with 
B. pyocyaneus, gram -positive diplococci or B. aerogenes. In one case mixed 
organisms, including anaerobes, were recovered just before death, but the 
peritoneum was entirely free of reaction. In one patient with a prior post- 
operative streptococcal peritonitis, E. coli was grown in pure culture after 
three days of irrigation. 

In half of the 12 patients with positive cultures from the outflow fluid, 
clinical and postmortem evidence of peritonitis was either lacking or equivo- 
cal. In the other half the intensification of antibiotic therapy when the posi- 
tive cultures were obtained did not ameliorate the course of the peritonitis. 
But cessation of irrigation was followed by recovery from peritonitis and 
survival in two of these. 

Since the sterility of the inflow fluid was not in doubt at any time, the 
other likely source of bacterial contamination was the sinus tract leading 
from the skin to the peritoneal sac. But organisms native to the skin and 
not susceptible to penicillin therapy (e.g., staph, albus, sarcinae, diphthe- 
roids) were only rarely found in the peritoneal fluid. Since the special care 
given in the preliminary treatment of the skin, the protection of the ab- 
dominal wound and in the design and application of the sump drain and ef- 
fective filtration of the air failed to prevent peritoneal infection with E. coli, 
it is conceivable that serosal irritation produced by peritoneal irrigation may 
have facilitated transmural migration of this organism from the intestinal 
canal. 

In normal and nephrectomized rabbits and dogs following the intraperi- 
toneal injection of a strong irritant E. coli was recovered in pure culture 
from the peritoneal cavity^®. In a dog with E. coli peritonitis induced by an 
irritant, E. coli tagged with radioactive iodine was introduced into the gastro- 
intestinal tract. Twenty-four hours later radioactivity to the extent of 0.1 
per cent of that given was found in the washed peritoneal fluid sedimenT®. 
The irrigating solution used in patients failed to produce positive cultures 
in the peritoneum of normal dogs after ten days of filling and emptying the 
peritoneal cavity twice each day^®. Dogs similarly treated after having been 
rendered uremic by bilateral nephrectomy, showed E. coli within six to nine 
days, except for those animals in which the E. coli of the intestinal canal had 
been eliminated by starvation plus intensive enteric administration of strep- 
tomycin and sulfaphthalidine^*. 

The more rapid appearance of £. coli in uremic patients than in uremic 
animals may be due to the far greater resistance of dogs to this organism 
and to the more continuous exposure to the irritant in patients than was the 
case in the animal experiments. 

Thus, it appears that migration E. coli through the bowel wall occurs 
more readily in the uremic state. This, both in man and animals, may be due 
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to a change in the physical state of the intestinal wall as well as to lowered 
resistance to contaminating organisms. 

Since the evidence points to the intestine as the source of offending bac- 
teria, an effective bactericidal agent for E. coli must be found. Strep- 
tomycin has been found to be of little or no therapeutic value, although its 
oral use for the preliminary reduction of intestinal bacteria has not' been 
tested. The effectiveness of the newer antibiotics, i.e., polymyxin, bacillo- 
jporon B or duomycin will be examined in future cases. 

Since the likelihood of infection increases with the duration of the irriga- 
tion period, the latter for the time being should be limited to 2-3 days. If 
contamination has already occurred, a rest period will in some instances al- 
low the peritoneum to sterilize itself. Since such a rest period may be re- 
quired, it is obviously desirable to utilize the method so as to obtain maxi- 
mum dialyzing speed. 

Efficiency of Peritoneal Irrigation: While the severity of the uremic 
state is not due to the azotemia, it varies roughly in parallel with the blood 


Fhdd Absorbed from Peritoneum During Irrigation: 

Table XII — Peritoneal fluid retained (dencit of outflow compared to ingow) 
during the hours of irrigation which provided the best urea clearance. 

Case 

Continuous* 

Non-electrolyte content 
of irrigating solution 
Glucose(%) Gelatin(%) 

Fiuid 

retained 

(cc.) 

Case 

Intermittent* 

Cycle Non-electrolyte content 
(min.) of irrigating solution 

Glucose(%) Gelatin(%) 

Fluid 

retained 

(cc.) 

7 

2 

1000 

12 

15 

0.5 1 

700 

8 

2 

4000 

13 

15 

0.5 1 

2000 

11 

1 0.5 

4000 

11 

45 

1 0.5 

700 

10 

0.5 1 

5900 

14 

15 

1 1 

0 

17 

1 1 

100 

’ 15 

15 

1 1 

—GOO 

16 

1 1 

—200 

18 

10 

1 1 

600 


♦Flexible sump drain used in Case 12 and thereafter. 


nitrogen level. To reduce the blood NPN by one-half in 48 hours, the blood 
urea clearance by peritoneal irrigation must be at least 20 cc/min. A clear- 
ance rate of 7-10 cc/min. may prevent a further rise in the blood NPN level 
or accomplish a very slow reduction, over a period of days. A few of our 
patients showed such a poor urea clearance, for which we cannot account. 

It is not yet decided whether continuous or intermittent irrigation pro- 
vides the more efficient dialysis. Table XI suggests that' a flow rate of at 
least 25 cc/min. is required to produce maximal clearance by continuous 
irrigation. To obtain a corresponding value by the intermittent technic re- 
quires the use of shorter c)'^cles than were used except in the last case. 
Analysis of Table XI indicates that, within the conditions tested, the effi- 
ciency of urea clearance is determined b}’- the overall flow rate and not by 
the type of irrigation. High flow rates are readily accomplished by con- 
tinuous irrigation without inconvenience to patient or attendants. A further 
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increase in overall flow rate by intermittent filling and emptying might be 
accomplished by further shortening the equilibration period or by an increase 
in the volume of fluid inti-oduced at each filling. In many patients the latter 
is limited by the discomfort of abdominal distentions or by interference 
with breathing. Intermittent irrigation has the disadvantage of requiring 
the continuous attention of a trained attendant. 

Table XII shows that the least fluid absorption occurred when 1% 
glucose and 1% gelatin were used to produce hypertonicity. In this respect 
continuous and intermittent irrigation were equally satisfactory with this 
solution. The composition of the fluid alone may not be wholly responsible 
for the avoidance of fluid absorption, since the flexible sump drain, which 
prevents puddling in the pelvis, was used with this fluid in all instances. 

Edema. When oliguric patients arc seriously overhydrated, not only is 
the intravenous tlierap}^ needed for the control of acidosis and starvation 
impeded but the problem of removal of excess fluid is created. Pulmonary 
and cerebral edema commonl}’- cause the death of oliguric patients. A good 
deal of fluid ma}'’ be removed by suction drainage of the intestine. If the 
edema is so severe that it is desirable to decrease it rapidly, increasing the 
hypertonicity of the dialyzing solution ma}^ be attempted. This must be done 
witli caution. In Case 4 a solution of 5% gelatin and 2}^% glucose withdrew 
fluid from the plasma so rapidly as to produce shock. Moreover, the hyper- 
tonicity may be responsible for the peritoneal irritation and by increasing it 
still further, infection may be even more likely. Excessive sodium adminis- 
tration and unreplaced protein loss contribute to generalized edema in the 
oliguric phase and delay diuresis. Anuria in tubular lesions may be due to 
obstruction to tubular flow from the inflammatory renal edema together 
with reabsorption of the entire glomerular filtrate rather than to decline in 
glomerular output^®. If the kidney is rendered still more edematous by over- 
hydration, diuresis is still further interfered Avith^^. The omission of sodium 
chloride from the irrigating fluid rapidly abstracts it together with water 
from the extracellular fluid but such a rapid removal of body sodium so 
reduces the “available alkali” the plasma volume^^, and the interstitial 
fluid volume as to be dangerous, apart from the simultaneous occurrence 
of intracellular overhydration^^. Indeed, such salt loss may have been re- 
sponsible for the failure of early clinical efforts in which peritoneal irriga- 
tion was carried out with simple glucose solutions (see reference 2). 

Acidosis. Peritoneal irrigation with the solutions ordinarily used does 
not correct the progressive acidosis of uremia. While the total base in the 
solution is that of normal plasma, the chloride content is considerably higher 
and the bicarbonate considerably lower (see Fig. 9). Little of the total base, 
therefore, is aA'^ailable to neutralize the excess of acid radicles. Modification 
of the formula by the replacement of excess chloride by bicarbonate or 
lactate corrected the acidosis of two of three patients in whom it was tried, 
but the resulting alkalinity of the irrigating fluid may have contributed to 
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peritoneal irritation and infection. It is, therefore, considered inadvisable to 
to use the more alkaline solutions routinel 3 ^ The acidosis is better-treated by 
providing as much carbohydrates as can be given so as to impede ketosis 
and reduce protein catabolism and by giving alkali intravenously. Uncor- 
rected acidosis may impede the recovery of renal function^®. 

Nutrition. The biochemical disorder in the uremic patient may be ag- 
gravated by the loss of protein into the irrigating fluid. The outflow fluid 
contains a heat coagulable protein, which has been measured in recent cases 
and found in concentrations vaiying from 20-220 mg. per cent. Still larger 
protein loss during peritoneal irrigation has been reported by otliers'^’ 

The total amount of protein lost in this wa)"^ in our cases has been as much 
at 72 Gm. in 36 hours. Larger losses ma}' occur when peritonitis sets in. 

Since oral feeding is, as a rule, precluded because of ileus and since in- 
travenous amino-acid feeding is severely limited because of the limited Avater 
allowance, whole blood and plasma are given for hemoglobin or plasma pro- 
tein deficiency. The basal caloric requirement (1600 calories) cannot be met 
by intravenous feeding. Glucose in excess of 15% is undesirable because of 
its h)'^pertonicity and the possibilit}^ of renal tubular damage-”' al- 

though this may not be a serious factor if the infusion is given very slowl)^ 
One liter of 15% glucose provides only 600 calories. Absorption of glucose 
from the irrigating fluid varies with the concentration. The total absorption 
of glucose from a solution with a one per cent concentration has been found 
during continuous or intermittent irrigation to be only 4-5 Gm. per hour, or 
96-120 Gm. per day, i.e., 360-480 additional calories. Hence starvation ke- 
tosis with acidosis is not completely prevented and usually requires alkali 
therapy. 

Potassmm and Magnesium. Although potassium is excreted in marked 
renal insuffleienty so long as urine is secreted””, so that potassium accumula- 
tion is rarely significant in chronic uremia”^' potassium intoxication might 
become an important or even lethal factor in anuria””. Toxic levels of serum 
potassium in acute uremia have been reported”'*' 

The excess potassium in uremia is probably eliminated by peritoneal irri- 
gation. The irrigating solution contains potassium in a concentration equal 
to that in normal plasma (5 mEq/L) to prevent potassium depletion. Should 
Potassium intoxication occur potassium should be omitted from the solution 
and intravenous sodium and calcium therapy applied”*^' ”®. Experimental””' 
and clinicaP^ studies indicate that the administration of potassium (whether 
in the form of food, diuretic salts, or fragile transfused red cells) 
to severel)’’ oliguric patients should be avoided. 

Similar considerations may appl)"^ to magnesium, but no increase in plasma 
magnesium Avas found in 13 recently reported instances of acute uremia””. 
Calcium is stated to be a specific antagonist of magnesium poisoning*”. 

Calcium and Phosphate. An increase in serum phosphate and reduction 
in serum calcium, regularly reported in chronic”” and acute”” uremia, are 
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among tlic most striking of the chemical alterations observed in our patients. 
Calcium concentrations as low as 4.8 mg. per cent and phosphate as high as 
11.1 mg. per cent are found. Tetany and convulsions are common, but these 
respond to intravenously administered calcium chloride or calcium gluconate. 
In certain acidotic patients, alkali therapy precipitates tetany, as would be 
expected because of the already low ionic calcium. Hyperphosphatemia is 
among the last of the chemical abnormalities to be corrected by peritoneal 
irrigation. In surviving patients a return to normal does not occur until some 
days after diuresis has set in. For these reasons, the phosphate salt has been 
omitted and the CaCl= concentration doubled in the irrigating solution. Even 
so there is need for intravenous calcium therap3^ No S3'^stematic effort has 
been made to eliminate h3'pocalccmia bv calcium feeding. 

Adjuvant Therapy. Penicillin is given in large doses prophylactically. 
Streptomycin is given 01113^ if infection of the peritoneum or the urinary 
tract due to a susceptible organism occurs. It is not given proph3dactically be- 
cause of the rapid development of bacterial resistance. Sulfonamides are not 
given parenterall3’- as a routine measure for fear that they might further dam- 
age the kidne3% although this fear ma3^ not be warranted. 

The water soluble vitamins are given parenterally in large doses in view 
of the likelihood that the3'- are dial3^zed out of the plasma by peritoneal irri- 
gation, although there is no experimental evidence that this does happen. 
Onl3’- fresh blood is used for transfusion in order to avoid renal damage 
from a rapid breakdown of any considerable fraction of the infused cells. 

An effort is made in all patients to pass the tip of a Miller-Abbott tube 
be3mnd the p3dorus before starting peritoneal irrigation. 

Reual Recovery. The pattern of renal recover3^ in our patients (and in 
those reported b3r others^^) appears to consist first in a return of glomerular 
function followed b3'- a slow improvement in tubular function. Following 
the onset of diuresis, there is usualty a nearly geometric progression in the 
daily urine volume* to a maximum of 4 or 5 liters (3 cc/min), after which 
the volume declines. A urine volume as high as 9 liters per day (6 cc/min.) 
in this phase has been reported^®. The urine has a specific gravity of 1.003 
to 1.010, tends to be alkaline and has a urea concentration no greater than 
twice that of the plasma. Further evidence of inadequate renal function 
in this phase is the large loss of sodium chloride^® which may produce rapid 
dehydration, if not anticipated and replaced. Thereafter, the urinary urea 
increases in concentration, and the blood urea clearance rises above 7.5 to 10 
cc/min., with a concomitant fall in blood NPN. As the specific gravity rises- 
signifying improved tubular function, the urine becomes acid, and the 
acidosis and hyperphosphatemia disappear. Complete tubular recovery was 
not observed in our surviving patients even after some months. 

'’These volumes remain well below the average normal glomerular filtration rate— 
120 cc/min and even well below the maximum urine flow of normal man — 20 cc/min 
(44). 
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Selection of the Patient and Initiation of Irrigation: Patients in acute 
renal failure should not be considered suitable for dialysis therapy unless clin- 
ical evaluation indicates that the injury responsible for failure is reversible. 
This is often difficult to determine. Bichloride of mercury, carbon tetrachlor- 
ide or other drug poisoning, toxic injur}? from acute infections, incompatible 
blood transfusion, traumatic shock, crush syndrome, acute nephritis, anuria 
complicating eclampsia, or acute renal damage superimposed on chronic 
renal disease which has been compatible with life, are examples of disorders 
that may be acceptable for dialysis. In many patients the renal failure is 
only one among several grave disorders, any of which may prove lethal even 
if renal recovery is possible. 

Peritoneal irrigation does not heal the renal lesion. It simply reduces 
azotemia and improves electrolyte and fluid balance for a length of time 
which, it is hoped, will be sufficient to permit recovery of renal function. 

Since the treatment to be applied should carry the smallest possible risk, 
there is much to be said for conservative treatment without resort to any spe- 
cial procedure. Many patients with acute renal lesions, if carefully man- 
aged, can recover even after two weeks of uremia'*®. Although occasional 
anuric patients have been observed to survive for as long as 3-4 weeks^®' 
death usually supervenes within 10-14 days if recovery of renal function 
does not occur. There is widespread misunderstanding as to what the cir- 
cumstances require. As a result patients in uremia are made worse and 
sometimes succumb to the burdens inflicted by unwise therapy. Overhydra- 
tion is a common therapeutic abuse resulting in death from pulmonary or 
cerebral edema. On the other hand, dehydration will delay diuresis. Ap- 
propriate fluid and electrolyte therapy requires frequent reappraisal of the 
state of imbalance. What is lost by vomiting or diarrhea, by visible sweating 
and in the urine must be replaced. Not over 1000 cc. over and above this 
total is to be given daily, whether parenterally or orally. To this 1000 cc., 
100-150 grams of dextrose and water soluble vitamins are added. Alkali 
and calcium are also added, as needed. Sodium chloride is not given except 
as it is lost in substantial amounts from the stomach. The small amount lost 
via the skin is not significant. Moderate hypochloremia per se produces no 
symptoms and requires no therapy, while excess salt may prove disastrous. 
An effort is made to maintain optimal conditions for urine production in 
terms of cardiac output, blood volume, arterial pressure, and hemoplobin 
concentration. 

If oral alimentation is possible, it must respect the foregoing fluid and 
electrolyte requirements. A non-distending carbohydrate is desirable since 
the requirement for dextrose cannot be met by intravenous therapy. Protein 
may be given also, even though nitrogenous residues cannot be excreted, for 
it is extremely doubtful that the azotemia itself Is seriously deleterious in 
uremia. By a regimen of this sort, survival can be anticipated in many types 
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of acule renal failure which arc cajDable of reversing themselves within two 
to three weeks. 

Other technics are also available. Trueta’s studies'*'' suggest that neu- 
rogenic diversion of renal cortical blood flow may account for some types of 
acute renal failure. Abolition of this reflex by prolonged or fractional spinal 
anesthesia, splanchnic block or renal denervation deserves more study. 

At tile present time, however, dialysis of the blood is the only direct 
approach with some promise of tlierapeutic benefit, but peritoneal dialysis 
cannot expect to become an acceptable method until an effective antibiotic 
against contaminating organisms is found. One can scarcely anticipate as 
rapid and complete a removal of retention products by peritoneal dialysis 
as by Kolff’s dialyzer'". The clinical problem varies so widely from one 
case of renal failure to another that flexibility of adaptation is essential no 
matter which of the two methods is used. If the Kolff technic can be con- 
trolled in all 29 aspects and made sufficiently flexible to meet the requirements 
of each case it has obvious advantages and a wider margin of safety than 
peritoneal dial3^sis. Experience will eventually decide the possibilities and 
advantages of each method. The introduction of a long aspirating tube into 
the ileum combined with an irrigating fluid which contains sodium sulfate 
to withdraw retention products into the gut has recently been reported to give 
good urea clearances®°. 

When in the course of the uremic state any one of these measures should 
be applied remains an open question. Advocates of conservative therapy 
would presumably welcome them only when a progressively rapid deteriora- 
tion is in evidence. This may be too late for any therapy. If, as is so often 
the case, the patient comes under observation in an already far advanced 
state of renal failure, it will be difficult to defend the exclusive use of con- 
servative measures if rapid dialyzing technics are at hand. The fact that 
diuresis frequently sets in soon after blood levels of NPN and urea nitrogen 
show a substantial fall suggests that the uremia itself may act as a block to 
recovery of renal cellular function. For this reason it may be desirable to 
institute such treatment early rather than late. 

If further study affirms the validity of this concept, the prospect of ac- 
celerating return of renal function will be better than is now possible by 
good conservative therapy alone. 


CONCLUSION 

Data obtained in 14 additional patients in renal failure are presented and 
evaluated. The present method of performing peritoneal irrigation is de- 
scribed, and various aspects of the care of the patient in renal failure are 
discussed. The continuing hazard of peritonitis makes it necessary to re- 
gard the method as still in the experimental stages, and should not be con- 
sidered for routine clinical use. 
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RECURRENT ACUTE PANCREATITIS: OBSERVATIONS ON 
ETIOLOGY AND SURGICAL TREATMENT * f 

Henry Doubilet, M.D., and John H. Mulholland, M.D. 

New York, N. Y. 

FROM THE DEI'ARTMEXT OF SURGERY, NEW YORK UNIVERSITY COLLEGE OF MEDICINE AND THE THIRD 
(new YORK university) SURGICAL DIVISION, BELLEVUE HOSPITAL, NEW YORK CITY. 

The wide use of sumple laboratory procedures for the determination 
of serum amylase has revealed several facts regarding pancreatitis. 

1. It is a common disease and Agarics in intensity from mild attacks to a 
fulminating catastrophe. Fortunately the latter event is a small proportion 
of the total cases. 

2. Recurrence is common and may be anticipated. With repeated attacks 
there may be progressive destruction of functioning pancreatic tissue with 
pathologic changes in the gland and deficiencies in external and internal 
secretions.^ On the other hand, in some patients after many years of recur- 
rent attacks no measurable or visible changes occur in the gland. 

3. Pancreatitis is frequently associated with biliary tract disease. Many 
disorders heretofore termed post-cholecystectomy syndrome, biliary dyskin- 
esia etc. are actually recurrent attacks of pancreatitis.^ 

Previous factual knowledge has been aA'^ailable for many years, since 
Opie^ in 901 described the reflux mechanism. This is dependent on an 
anatomic variation in the entrance of the main pancreatic duct to the 
duodenum which creates a common biliary-pancreatic passageway, thus per- 
mitting bile to flow into the pancreas. The immediate bile diverting mechan- 
ism in Opie’s case was a stone lodged in the ampulla of Vater. Archibald,'* 
in 1919, showed that' a similar bile diverting mechanism could be brought 
about by spasm of the sphincter of Oddi. 

The effectiveness of surgical management of the disease has not kept 
pace with the knowledge of what must be the mode of production in at least 

* Aided by a grant from the National Institute of Health, United States Public 
Health Service, Grant # RG 807. 

t Read before the American Surgical Association, Quebec, Canada, Alay 27, 1948. 

609 



DOUBILET AND MULHOLLAND 


Annals of Surgerv 
October, 1948 


a large number of cases. Decompression of the biliary tract by drainage to 
prevent reflux is effective only so long as the drain remains. Sympathectomy 
to interrupt pain sensation is not a direct attack on the disease. Section of 
the esophageal vagus to paralyze the sphincter of Oddi might be effective but 
it deprives the gastro-intestinal tract of that innervation. Local nerve inter- 
ruption® seems rational but is technically difficult and its effect is temporary, 



Fig. 1. — (Case 13) Serum amylase determinations 
demonstrate recovery from an attack of acute pancreatitis 
and recurrence following administration of a fat meal. 



Fig. 2. — Quantitative evaluations of pancreatic functions. 


apparently due to regeneration of the nerves.® Archibald first directly ap- 
proached the problem by cutting the sphincter of Oddi in a human patient 
with recurrent pancreatitis.'^ He had noted the uniformly good results which 
followed removal of a stone impacted in the ampulla, when, perforce, the 
sphincter had to be cut. 

Studies on patients with proven recurrent pancreatitis substantiate Archi- 
bald’s contention that when a common passageway exists spasm of the. 


610 



Volume 12S 
Number 4 


RECURRENT ACUTE PANCREATITIS 


sphincter will produce the disease and sectioning of the sphincter will relieve 
the disease. The study here reported was conducted on the basis of the 
following concepts: 

A. That scrum amylase determinations during an attack will establish the 
diagnosis of acute pancreatitis (Fig. 1). In the absence of a rise in serum 
amylase tlie diagnosis is not necessarily excluded. With long standing disease 
and fibrosis or calcification of the gland there may be no rise in serum 
amylase or the level may be low. 

B. That the intravenous administration of an assayed quantity of secretin 
will produce a flow of pancreatic juice which, when collected through a 



Fig. 3. — Effect of morphine on the sphincter of Oddi. Kymographic tracing of 
the resistance of the human sphincter of Oddi as measured through a T tube in the 
common duct, shows that the normal resistance of the sphincter (150 mm. of water) 
rises to 300 mm. and gradually subsides to 200 mm. in 1 hour. The effect persists for 
4 hours. 

duodenal tube, can be measured for total amount, amylase content, and 
bicarbonate content. The measurements are quantitative evaluations of pan- 
creatic functions (Fig. 2). 

C. That the administration of morphine will produce spasm of the 
duodenal wall and resistance to pancreatic and biliary flow, as demonstrated 
by kymographic pressure tracings recorded through a T tube in the common 
bile duct (Fig. 3). Ccholangiograms done through a T tube in the common 
bile duct also demonstrate the contraction of the duodenal wall and resistance 
to the flow of bile (Fig. 4 & 5). 

D. The N/10 Hydrochloric acid applied to the papilla of Vater will pro- 
duce spasm of the sphincter of Oddi, as demonstrated by kymographic pres- 
sure tracings taken through a T tube in the common bile duct (Fig. 6), and 
in cholangiograms done through a T tube (Fig. 7). This same spasm can be 
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Fig. 4. Fig. 5. 


Figs. 4 and 5. — A cholangiogram through a T tube 2 weeks after transduodenal 
sphincterotomy for ampullary stone, shows ready entrance of contrast medium into 
the duodenum (Fig. 4). Following administration of morphine (Fig. 5) the com- 
pression of the intramural portion of the common bile duct by the increased tonus of 
the duodenal wall is demonstrated. 



lyOmm. Hin utl Int ervals 


Fig. 6. — Kymographic tracing of the resistance of the sphincter as meas- 
ured through a T tube in the common duct. The resistance of flow rises 
from 150 to 250 mm. of water. The effect lasts about 10 minutes. 
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produced by sudden, painful distension of the common duct through a T tube 
(Fig. 8 & 9). 

E. That operative cholangiograms done by injecting contrast medium 
through a needle into the cystic or common duct at the same time that N/10 



Fig. 7. — Cholangiogram performed through a cystic duct tube 2 weeks after 
cholecystectom 3 ' (sphincter intact). Hydrochloric acid applied directlj' to the 
papilla through a duodenal tube causes spasm and reflux of contrast medium into 
the pancreatic duct (arrow). 

hydrochloric acid is applied to the papilla can demonstrate the passageway 
(Fig. 10). 

F. That, after section of the sphincter muscle, the hydrochloric acid effect 
on the papilla is abolished (Fig. 11). The sphincter can no longer become 
spastic and biliary reflux under pressure is prevented. The morphine effect 
on the duodenal wall persists. Thus, reflux of the duodenal contents into the 
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biliary tract is prevented. In one patient with calcified pancreas and distortion 
of the duodenum and papilla, the muscle was incompletely sectioned as shown 
by kymographic tracings after hydrochloric acid application to the papilla 
(Fig. 12 & 13). This patient’s pain was relieved, however, presumably 
because the resistance created by the remaining muscle fibers was insufficient 
to force bile into the pancreatic duct. 

In patients whose pancreatic fibrosis is marked and pancreatic function 
diminished, sectioning of the sphincter relieves pain but does not restore 
normal digestion until the pancreas has regenerated which may take several 
weeks to months. (Fig. 14). 



Fig. 8. — Effect of sudden distention of the common bile duct in the human through 
a cystic duct tube. Reflex spasm of the sphincter of Oddi raises the resistance to flow 
from 150 mm. to 225 mm. of water. The effect lasts about 10 minutes. Previous 
atropinization reduces this reflex spasm. 

The actual sectioning of the sphincter is a somewhat exacting procedure. 
The papilla is difficult to find and when the muscle is in spasm the orifice 
may be extremety small. The best approach is through the common bile duct. 
An instrument* described by Colp and DoubileF for performing this oper- 
ation without opening the duodenum has been used successfully in those 
patients whose sphincters are not in marked spasm or in whom there is no 
marked distortion or narrowing of the common duct. The duodenum may be 
opened over an instrument or over a probe. The muscle is then cut over the 
probe for about 1 cm. in the anterior free or intraluminary portion of the duct. 
The retraction of the sphincter muscle fibers prevents heating or regeneration 
of the muscle. 

CASE summaries 

Case No. 1 — M.H. (Bellevue Hospital, No. 10199-47) was a 51-year-old female 
with a 22-year-old history of attacks of severe epigastric pain, lasting from 1 to 7 days, 
and increasing in frequency until they occurred every two weeks. In addition, there 

* Manufactured by The American Cystoscope Makers, New York, N. Y. 


614 



Volume 128 
Number i 


RECURRENT ACUTE PANCREATITIS 


was almost daily . transient epigastric pain after meals. Cholecystectomy was performed 
20 years ago, and a choledochostomy and duodenostomy 7 years ago for an attack 
accompanied by jaundice. At that operation the jaundice was found to be due to a 
pancreatitis. She was admitted to Bellevue Hospital on February 24, 1947 during an 
attack of severe epigastric and left upper quadrant pain, associated with fever and 
paralytic ileus. At no time was the serum amylase elevated. The secretin test showed 



Fig. 9. — Cholangiogram performed through a T tube in the common 
duct. Sudden distention of the common duct by contrast medium causes 
pain and reflex spasm of the sphincter of Oddi. .In this patient, due to . 
a common passage, the contrast medium was forced up the main pan- 
creatic duct (black arrow) and into the accessory pancreatic duct (white 
arrow) which can be seen to empty into the duodenum proximal to the 
papilla of Vater. 

diminished function (total volume 104 cc; amylase 125 units). X-ray examination 
of the stomach and duodenum was reported normal. 

At operation on March 24, 1947 the pancreas was uniformly enlarged and in- 
durated. The common bile duct was moderately dilated. A cholangiogram showed 
pancreatic reflux when spasm of the sphincter of Oddi Avas induced by acid. Endo- 
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Fig. 10. — (Case 16) Operative cholangiogram in a patient with re- 
current acute pancreatitis. Contrast medium injected through a needle in 
the cystic duct at the same time as hydrochloric acid was Applied to the 
papilla of Vater through a duodenal tube, was forced into the pancreatic 
duct, visualizing it throughout its length, (arrow). 



Fig. 11. — (Case 1) Kymographic tracing (A) recorded through a T tube in the 
common duct of the resistance to flow of bile into the duodenum in Case No. 1, indicates 
that the sphincter of Oddi is destroyed functionally since there is no response either to 
local application of acid or to emotional stimuli. The response to morphine is limited 
to its action on duodenal musculature. This tracing can be compared to the response 
of the intact sphincter to acid and morphine (B, superimposed). 
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Fig. 13. — (Case 15). Kyinograpliic tracing, recorded through a T tube in the com- 
mon duct, of the resistance to flow of bile into the duodenum 2 weeks after sphincter- 
otomy, reveals incomplete section of the sphincter of Oddi, since there is a mild response 
to h 3 'drochloric acid. The response to morphine however, shows adequate destruction of 
the sphincter muscle. 
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choledochal sphincterotomy was performed and the common duct drained by a T tube. 
Two weeks after operation, cholangiographic studies using hydrochloric acid failed to 
visualize the pancreatic duct, (Fig. 15 and 16) but the use of morphine showed that 
the intact duodenal wall acted as a one way valve and prevented duodenal reflux. 
Kymographic studies supported these findings (Fig. 11). The patient has been asymp- 
tomatic since operation and has gained 18 pounds in weight. 

Case No. 2 — L.N. (Bellevue Hospital, No. 14276-47) was a 43-year-old female 
with a 20-yeai: history of recurrent attacks of severe epigastric pain radiating to the 
back and to left upper quadrant. Investigations of her stomach, duodenum, esoph- 
agus, gall bladder, colon and kidneys were all negative except for gastric achlorhydria. 
A secretin test showed reduced function of the pancreas, (total volume 60 cc, total 
amylase 18 units). At operation on April 7, 1947, some adhesions around the gall 
bladder were found. The pancreas was normal to palpation. A chlangiogram failed 
to visualize the pancreatic duct. Cholecystectomy and endocholedochal sphincterotomy 
was done. Postoperatively, there was little drainage through the T tube, due to the 
fact that the distal part of the cross arm was twisted and occluded. A cholangiogram 
performed immediately after the removal of the T tube showed a narrowed, irregular 
common duct emptying readily into the duodenum. The pancreatic duct was not 
visualized. 

The patient was well for 2 months, when she developed several attacks of transient 
epigastric pain lasting 5 minutes. Eight months after operation she had 2 attacks of 
severe epigastric pain after eating pork chops. At no time was the serum amylase 
found elevated. She had other complaints, — pain at the cardiac sphincter on drinking 
water, globus hystericus, urinary frequency. Sectioning of the sphincter in this patient 
was ill-advised. 

Case No. 3 — ^J.S.- (Bellevue Hospital No. 18966-47)' was a 57-year-old male 
with a 9-year history of recurrent attacks of severe epigastric pain radiating to the 
back and both scapulae, associated with marked gaseous distension and lasting on each 
occasion from 2 to 7 days. A cholecystectomy was performed in this hospital in 1939 
for chronic non-calculus cholecystitis. After operation, he developed a wound de- 
hiscense which was repaired. His attacks persisted but observations both on the ward 
and in the out-patient-department revealed no positive findings. The serum amylase 
was alwaj's Ioav, never rising over 50 mg. %. A secretin test showed normal pancreatic 
function. By exclusion, a diagnosis of recurrent acute pancreatitis was made. At 
operation on May 29, 1947 very extensive adhesions of the stomach, duodenum, colon 
and liver were found. The common duct was very narrow, and the pancreas felt 
normal to palpation. A cholangiogram, using acid to produce spasm of the sphincter 
of Oddi, visualized the pancreatic duct. A probe was passed down the common bile 
duct into the duodenum, and after opening the duodenum, the sphincter was cut under 
vision. A fine catheter was passed down the common duct into the duodenum and 
brought out through the wound. 

Postoperatively, his wound separated on the 3rd day and a biliary fistula de- 
veloped, but after a stormy convalescence he was discharged with his wound healed. 
The patient was seen on the 18th of May, 1948. He had gained 50 pounds in weight; 
he had no pain; was eating without any restriction and is a completely rehabilitated 
person. 

Case No. 4 — J.B. (Bellevue Hospital, No. 26094-47) was a 47-year-old female, 
first admitted on September 17, 1945 with a 3-week history of recurrent attacks of 
severe epigastric and right upper quadrant pain, each attack lasting from 3 to 24 hours 
and accompanied by fever and leucocytosis. At that time a cholecystogram failed to 
visualize the gallbladder. She was discharged and observed in the out-patient-depart- 
ment. Roentgen ray studies of the stomach, duodenum and gall bladder showed no 
abnormality except for an irregularity in the duodenum. Typical attacks of pain 
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pcrsistai. A diagnosis of recurrent acute pancreatitis was made but she was not 
admitted for operation until, during a very severe attack in Maj', 1947, the serum 
amylase was found to he 30S mg. %. 

At operation, June 5, 1947, dense adhesions were present around the gall bladder 
and liver. The pancreas was moderately thickened. The gallbladder was thick and 
edematous and contained a few small stones. The common bile duct was moderately 
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Fin. 14.— (Case 4). 



Fig. is. Fig. 16. 


Figs. 15 and 16. — (Case 1.) Cholangiographic studies two weeks after sphincter- 
otomy, ^ shows the free entrance of contrast medium into the duodenum. (Fig. 15) 
Following application of acid to the duodenum (Fig. 16), the pancreatic duct is not 
visualized. Under similar conditions prior to sphincterotomy the pancreatic duct was 
visualized (Fig. 14.) 

dilated. Cholangiographic studies showed that the bile and the pancreatic ducts emptied 
into a common ampulla a considerable distance from the ampulla of Vater (Fig. 17 and 
18). Cholecystectomy and endocholedochal sphincterotomy were carried out. His- 
tologic examination of the gall bladder showed acute and chronic cholecystitis. Biopsy 
of the pancreas revealed mild fibrosis. Two weeks after operation cholangiographic 
studies visualized the pancreatic duct presumably due to the fact that the junction of 
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the two ducts was high in the duodenal musculature (Fig. 19). Following the admin- 
istration of morphine, the intramural parts of the ducts were compressed by the 
increased tonus of the duodenum, and the pancreatic duct was no longer visualized 
(Fig. 19). The secretin test showed marked reduction in pancreatic function (Fig. 
14). Kymographic tracings indicated functional destruction of the sphincter of Oddi. 

Patient has been asymptomatic since operation except for one attack of mild 
epigastric distress lasting 10 minutes following the eating of pork sausage. She has 
gained 20 pounds in weight. A secretin test performed 6 month after operation 
revealed marked improvement in the pancreatic function (Fig. 14). 



Fig. 17. Fig. 18. 

Figs. 17 and 18. — (Case 4) Operative cholangiogram through the cystic duct. Con- 
trast medium was injected at the same time as hydrochloric acid was applied to the 
papilla of Vater through a duodenal tube. The pancreatic duct (arrow) was visualized 
(Fig. 17). Another view (Fig. 18) demonstrated an ampulla (arrow) high in the 
duodenal wall into which both du.ts emptied. 

Case No. 5 — ^W.B., (Bellevue Hospital No. 38441-47) was a S8-year-old male 
with a 3 months history of epigastric pain radiating to the right upper quadrant and 
back. This pain was made worse by eating fatty foods. The pain was continuous 
and superimposed were bouts of very severe pain, vomiting and gaseous distension. 
Roentgenograms of the stomach and duodenum were normal; gallbladder visualized 
fain%. At operation on August 18, 1947, the gallbladder, although thin-walled, was 
adherent by old and fresh adhesions to the omentum, colon and duodenum. No stones 
were present. The pancreas felt normal. A cholangiogram through the common duct 
visualized the pancreatic duct (spasm of the sphincter of Oddi produced by hydro- 
chloric acid). On the basis of the dense adhesions and the absence of stones, and 
the presence of the common passageway, a diagnosis of recurrent pancreatitis was . 
made and the sphincter of Oddi was cut through the common duct. Histologic exam- 
ination of the gallbladder showed minimal chronic cholecystitis. A cholangiogram 2 
weeks after operation did not visualize the pancreatic duct in spite of injection of acid 
into the duodenum. A kymographic tracing revealed proof of the destruction of the 
sphincter of Oddi. The secretin test revealed normal pancreatic secretion (total 
volume 172 cc., total amylase 567 units). Since discharge, the patient has had a feel- 
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ing of epigastric prcs''Urc wltoncvcr lie is constipated, I’ut no persistent pain or acute 
attacks. 

Case No. 6 — M.W. (Rellevue Mospital, No. 40368-47) was a 32-year-old female 
who was admitted .August 23rd, 1947 five days after onset of severe epigastric pain 
associated with vomiting. Similar attacks had occurred during the previous year. On 
admission, jaundice was noted (Icteric Indc.x 15) as well as bile and a trace of sugar 
in the urine. Marked tenderness in the epigastrium and left upper quadrant were 
present. The serum amylase was 1355 mg. % on August 24th, 514 mg. % the next 
day, and 56 mg. % 5 days later. A cholecystogram on August 24, 1947 failed to visual- 
ize the gall hladder hut on Sept. 4, 1947 repetition of the test showed good concentra- 
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Fig. 19. 


Fig. 20. 



Figs. 19 and 20. — (Case 4) Cholangiogram done through a T-tube 2 weeks after 
operation. The pancreatic duct (arrow) was filled with contrast medium (Fig. 19) 
in .spite of section of the sphincter because of an unusually high junction of the bile 
and pancreatic ducts. Morphine (gr. 1/6) increased the tonus of the whole duodenal 
wall and compressed the junction of the two ducts, preventing further reflux (Fig. 
20 ). 


tion and evacuation. Roentgenogram of the stomach and duodenum showed no ab- 
normality. A secretin test showed normal pancreatic function (total volume 187 cc; 
total amylase 336 units). At operation on September 11, 1947 after separating ad- 
hesions around the liver, the gallbladder was found to be relatively normal; the 
common bile duct was twice the normal diameter; the pancreas was slightly indurated. 
A cholangiogram visualized the pancreatic duct. Cholecystectomy and endocholedochal 
sphincterotomy were performed. Cholangiography 2 weeks later performed through a 
T tube failed to visualize the pancreatic duct. Kj'mographic tracings of the resistance 
of the sphincter of Oddi indicated destruction of its function. 

Patient seen on the 18th of May, 1948, gained 15 pounds in weight. Her complaint 
was that her increase in appetite and unrestricted diet was promoting too rapid gain in 
weight. 

Case No. 7 — G.B. (Bellevue Hospital, No. 46408-47) was a 43-year-old female 
with a 9-year history of recurrent attacks of moderate epigastric pain, lasting from 
14 to 1 hour and relieved by vomiting. She had lost IS pounds in weight because her 
food intake was restricted, since food brought on the attacks. Her gallbladder had 
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been removed at another hospital 13 years previously for cholelithiasis. She was 
admitted to this hospital on May 7, 1947, three days after a severe attack of epigastric 
pain radiating to the right upper quadrant, fever and vomiting. A serum amylase of 
740 mg. % confirmed the diagnosis of acute pancreatitis. Roentgenogram of the 
stomach and duodenum revealed no abnormality. Patient was discharged and followed 
in the out-patient-department. Because of daily post-prandial pain and recurrent 
severe attacks, she was readmitted on October 2, 1947. A secretin test showed normal 
pancreatic function (total volume 185 cc; total amylase 367 units). At operation, 
the common bile duct was found moderately dilated; the pancreas firm but not en- 
larged; a hard mass was palpated in the lesser curvature of the stomach which was 

opened; a small, deep gastric ulcer was 
found and excised. A cholangiogram failed 
to visualize the pancreatic duct, possible 
due to the fact that the end of the duod- 
enal tube through which the acid was in- 
jected was not adjacent to the papilla. The 
common duct was opened and endocholedo- 
chal sphincterotomy performed. A cho- 
langiogram performed 2 weeks after op- 
eration through the T tube visualized the 
pancreatic duct, (Fig. 21). A kymographic 
tracing, using acid and morphine, indicated 
destruction of the sphincter of Oddi. 

The patient has been symptom free 
since operation. 

Case No. 8 — F.R. (Bellevue Hospital. 
No. 47498-47) was a 27-j'ear-old female 
with a 3-year history of recurrent attacks 
of severe, mid-abdominal pain radiating to 
the epigastrium and left upper quadrant, 
occurring at varying intervals from daily to 
monthly, lasting from 2 hours to 1 week 
and accompanied by fever and tenderness 
in the epigastrium and left upper quadrant. 
Her last attack started 5 da 3 's before ad- 
mission to the Third (New York Uni- 
versity) Medical Division of Bellevue Hos- 
pital, October 9, 1947. Examination at this 
time revealed (1) jaundice (Icteric Index 
22, bile in urine) ; (2) paralytic ileus (dis- 
tended small bowel with fluid levels by 
Roentgen ray) ; (3) diametes with acidosis (blood sugar 250 mg. F, sugar and acetone 
in urine, carbon dioxide combining power in blood, 30 volume %) ; (4) hypertension 
(B.P. 158/96) ; (5) albumin in urine; (6) serum amylase over 300 mg. %. 

Under treatment by intestinal suction, atropine, intravenous fluids and insulin all 
symptoms disappeared within 1 week. A cholecystogram 3 weeks after onset of attack 
visualized the gall bladder. Roentgenogram of the stomach and duodenum showed 
normal findings. The patient Avas transferred to the surgical service on November 1, 
1947. A secretin test shoAved diminished pancreatic function (volume 91 cc. ; amylase 
92 units). At operation on November 7, 1947, a thin-walled gallbladder surrounded by 
dense adhesions AA'as found; the pancreas Avas hard, enlarged to at least tAvice its 
normal size, and showed areas of old diffuse hemorrhage beneath its capsule. A 
cholangiogram visualized the pancreatic duct. The common bile duct Avas very narroAV. 



Fig. 21. — (Case 7) Cholangiogram 
through a T tube 2 Aveeks after' sphincter- 
otomy, visualized the pancreatic duct 
(arroAv). As in Case 4, the high junction 
of the bile and pancreatic ducts permitted 
filling of the pancreatic duct in spite of 
sphincterotomy. 
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After cliolccystcctonii', the duel was opened and a fine probe passed into the duodenum, 
which was opened over the probe. Tlic sphincler was sectioned and a fine catheter 
passed up the bile duct and out tlirough the lateral angle of the Avound. The duodenum 
was then closed. The catheter was dislodged accidentally on the 14th day and a 
cholangiogram, performed, immediately afterwards through the fistula, visualized the 
pancreatic duct (Fig. 22). The fistula closed the next day and the patient was dis- 
charged 16 days after operation. Histologic examination of a biops}^ of the pancreas 



Fig. 22. — (Case S) Cholangiogram through a fistula 
two weeks after transduodenal sphincterotomy demon- 
strated a narrow common bile duct and filling of the 
pancreatic duct, due to its high entrance into the com- 
mon duct. 


showed a marked inflammatory reaction and replacement of acinar tissue by extensive 
fibrosis. She has been asymptomatic since operation, in spite of relapsing to old habits 
of periodic alcoholic sprees. She has gained 20 pounds in weight. 

Case No. 9 — R.G. (Bellevue Hospital, No. 24620-47) was a 27-year-old female 
with a 4-year history of recurring attacks of epigastric pain radiating to the back 
and to both upper quadrants and lasting 10 to 30 minutes. Roentgenogram of the 
gallbladder showed a functioning viscus with stones. At operation on May 27, 1947, 
a moderately thickened gallbladder containing many stones was removed. A cholangio- 
gram performed through the cystic Muct visualized the pancreatic duct (Fig. 23 and 
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Fig. 23. 




Fig. 24. Fig. 25 


Figs 23, 24 and 25 — (Case 9) Operative cholangiogram at first operation (cho- 
lecystectomy for chronic calculous cholecystitis) visualized a high junction of the 
pancreatic duct (arrow) with the common bile duct when the sphincter of Oddi was 
made spastic by acid (Fig 23). When the acid was washed away (Fig. 24) the pan- 
creatic duct could not be visualized in spite of the continued injection of contrast 
medium. The relaxation of the duodenal wall was evident. A postoperative cholangio- 
gram (Fig. 25) through a T-tube after the second operation (transduodenal sphincter- 
otomy) again visualized the pancreatic duct (arrow), a common finding in the pres- 
ence of a high junction of the bile and pancreatic ducts. 
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24). Tile cystic duct was then tied and the ahdomcn closed. The patient was discharged 
on tile 9lh postoperative day; that niglit slic ale fried liver and was readmitted to the 
hospital during an attack of sc\crc epigastric pain. The scrum amylase was 59.S mg. %. 
The symptoms subsided and 2 days later the scrum amylase was 176 mg. %. She 
was discharged and followed in the out-paticnl-dcpartmcnt. She remained well for 5 
months and then increasingly severe attacks recurred. At re-operation on December 



Fig. 26. — (Case 10). Operative cholangiogram through the cystic 
duct visualized the markedly dilated common bile duct and a dilated pan- 
creatic duct (arrow). Spasm of the sphincter of Oddi was produced by 
acid applied to the papilla of Vatcr. 

27, 1947, the sphincter of Oddi was cut transduodenally. A cholangiogram taken 2 
weeks after operation visualized the pancreatic duct again (Fig. 25). Following 
administration of morphine, the pancreatic duct could no longer be visualized. Kymo- 
graphic tracings indicated destruction of the sphincter of Oddi. 

Since discharge from the hospital the patient complains of post-prandial pain 
lasting from S to 10 minutes, gradually decreasing in intensity. She is not symptom 
free as yet. 

Case No, 10 — A.W. (Bellevue Hospital, No. 387-48) was a 54-year-old female 
with an 8-year history of recurrent attacks of mid-abdominal and epigastric pain 
lasting from 1 to 3 days. She was admitted on December 6, 1947, three days after 
onset of a severe attack. The serum amylase was 382 mg, %, white blood count 
18,000; the abdomen was distended and there was gas and fluid levels in the small 
bowel by Roentgen ray. There was also marked tenderness in the epigastrium and 
left upper quadrant. The symptoms disappeared in 2 days and the serum amylase 
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dropped to 75 mg. % 8 days after onset. The gallbladder failed to visualize, but 
radio-opaque stones could be seen. A secretin test revealed marked impairment 
of the pancreatic function (total volume 70 cc. ; total amylase 235 units). 

At operation, January 5, 1948, the colon, stomach and duodenum were found 
adherent to the gallbladder which was distended and full of small, black stones. 
The common bile duct was three times the normal size; the pancreas was firm but 
not unduly enlarged. Cholangiography visualized the pancreatic duct (Fig. 26). Cho- 
lecystectomy and endocholedochal sphincterotomy were performed. The patient de- 



Fig. 27. — (Case 12). Postoperative cholangiogram 
through a T tube in the common bile duct visualized 
the pancreatic duct for a short distance with a primary 
branch (arrow). There was a dilatation of the portion 
of the duodenum proximal to the papilla with narrow- 
ing of the distal segment, possibly a factor in the pain 
this patient experienced after operation. 

veloped shock-like symptoms during the operation which persisted with complete 
anuria until 3 days after operation when she died. The diagnosis of mismatched 
transfused blood was confirmed by histological examination of a section of the kidney. 

Case No. 11 — H.W. (Bellevue Hospital, No. 906-48) was a 49-year-old white 
male, admitted on January 6, 1948. In 1940 a cholecystostomy had been performed for 
acute gangrenous cholecystitis with stones; the patient was well except for intolerance 
to fatty foods and post-prandial gaseous distension until November, 1947, when he 
began to suffer from attacks of very severe epigastric and right upper quadrant pain 
radiating to the back, often accompanied or followed by periods of frothy diarrhea. 
In between these attacks he had epigastric pain after almost every meal, and became 
afraid to eat. 
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A sccrdin Icsl on January 6, 194S revealed: marked impairmcnl of pancreatic 
function (volume 40 cc., total amylase 8S units), \ 

At operation on January 8, 1948, dense adhesions were found at the porta hepatis. 
The common duct \\“is twice its mwmal size. The pancreas was enlarged and hard 
in its entire length. A choiangiogram showed a dilated common duct but failed to 
visualize the pancreatic duel; no evidence of the previously drained gallbladder could 
he seen. The common duct was ojicncd and cn'docholcdochal sphincterotomy per- 
formed. The common duct was closed and a small drain placed close to it. Con- 
wvlcsccnt was uneventful and attacks of pain ceased. He has had no diarrhea since 



Fig. 28. — -(Case 14). Operative choiangiogram through a needle in the 
cystic duct visualized the whole length of the pancreatic duct (arrows). 

The bucket of the duodenal tube through which acid was applied, can be 
seen lying against the papilla. 

the operation. However, 3 months later he complained of a steady aching pain in the 
right side of the abdomen radiating across to the left side. Up to .the present time, 
the cause of this pain has not been determined. A secretin test on May 12, 1948 
showed marked improvement in pancreatic function (total volume 88 cc., total amylase 
135 units.). 

Case No. 12 — M.L. (Bellevue Hospital, No. 659-48) was a 34-year-old female 
who had a chronically inflamed gall bladder with stones removed in 1941. The attacks 
of severe epigastric pain, radiating to the back and both upper quadrants from which 
she had suffered for 5 years prior to operation, recurred 9 months after operation and 
for 6 months had been so severe and so frequent as to incapacitate her. Under observa- 
tion on the ward she developed 2 severe attacks of epigastric pain associated with 
marked tenderness in the upper le'ft quadrant. The serum amylase was not elevated. 
A secretin test revealed normal pancreatic function (total volume 143 cc.; total amylase 
497 units). Roentgenograms of the stomach and duodenum showed no abnormality. 
At operation, January 12, 1948 dense adhesions were found between the liver and the 
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stomach, duodenum and colon. The pancreas was not unduly indurated. The remnant 
of the cystic duct, 2" long, was isolated and removed The common duct was dilated 
twice Its normal size. A cholangiogram failed to visualize the pancreatic duct. The 
common duct was opened and the sphinchtcrotome passed to the papilla, but it could 
not be pushed into the duodenum without undue force. The duodenum was opened 
and the papilla found tightly contracted. It was dilated and the sphincterotome 
pushed through under vision and the sphincter sectioned. The duodenum was closed 
and the common bile duct drained by a T tube. Cholangiographic studies 2 weeks 
later \dsualized the pancreatic duct, but showed marked narrowing of the duodenum 



Fig 29. Fig. 30 . 


Figs. 29 and 30. — (Case 14). Cholangiographic studies carried out through a T 
tube two weeks after sphincterotomy. Sudden painful distention of the common duct 
with contrast medium failed to produce spasm of the sphincter of visualization of 
the pancreatic duct (Fig. 29). After morphine injection the cholangiogram demon- 
strated compression of the terminal part of the common duct by the increased tonus 
of the duodenal wall, showing that its one-way valve action was intact (Fig. 30). 

with dilatation of the first part evidentlj'^ as the result of opening the duodenum 
(Fig. 27). Kymographic studies indicated destruction of the sphincteric function. 

Since operation, the patient has complained of attacks of transepigastric pain lasting 
from 5 to 10 minutes, and occurring after meals. When last seen she stated that the 
attacks have been decreasing in frequency and severity but she still had some tender- 
ness on pressure in the epigastrium. 

Case No. 13 — D.C. (Bellevue Hospital, No. 43131-46) was a 38-year-old female, 
first admitted on September 10, 1946, 3 days after onset of an attack of acute pan- 
creatitis associated with jaundice and serum amylase of 256 mg, %. The attack sub- 
sided rapidly but recurred following a fatty meal (Fig. 1). A cholecystogram failed 
to visualize the gall bladder, but several radio-opaque stones could be seen in the 
region of the common duct. At operation, October 3, 1946, a thick-walled gall bladder 
filled with stones was removed. The common bile duct was indurated, enlarged and 
contained 4 stones. A cholangiogram failed to visualize the pancreatic duct but the 
intravenous injection of secretin was followed by the appearance of pancreatic juice 
in the common duct, thus proving the presence of a common passageway. It was felt 

628 



VoUiint' 12S 
Nmubor 4 


RECURRENT ACUTE PANCREATITIS 


that the pancreatitis was due to obstruction of the papilla of Vater by a stone and 
Avas not due to spasm. Accordingly, the sphincter of Oddi was not sectioned. 

The patient was free of symptoms for one year when attacks of epigastric pain 
recurred and increased in frequency. Roentgenogram of the stomach and duodenum 
revealed no ahnormality. Re-operation January 23, 1948 revealed 3 more stones in the 
common duct, apparently missed at the fiist operation. They caused no jaundice but 



Fig. 31. — (Case 15). Operative cholangiogram through a 
needle in the crystic duct failed to visualize the pancreatic duct. 

The common bile duct was dilated and its relrocluodenal course 
distorted by the calcified pancreas (Fig. 12). 

possibly reflex spasm of the sphincter had resulted in recurrent attacks of pancreatitis. 
A cholangiogram revealed the pancreatic duct emptying Into the ampulla low down 
near the papilla. Palpation of the stomach disclosed a thickening at the lesser curva- 
ture on the posterior wall. The stomach was opened and a large, shallow ulcer, 1.5 
cm in diameter was seen. It appeared to be benign but a biopsy was taken to confirm 
this. The opening in the stomach was closed. Endocholedochal sphincterotomy was 
then performed. Two weeks after operation, a cholangiogram visualized the terminal 
part of the pancreatic duct. Kymographic studies indicated the destruction of the 
sphincter of Oddi. Biopsy of the gastric ulcer was reported a benign. 

Roentgenological examination on May 11, 1948 revealed a defect in the gastric 
wall .Avhich may be a persistent ulcer (although the patient has been well and gaining 
weight) or a recurrence. 
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Case No. 14 — O.T. (Bellevue Hospital, No. 12709-47)’ was a 44-year-old male 
addicted to alcoholic sprees follo^ying which, during the past 3 years, he would de- 
velop very severe attacks of epigastric and right upper quadrant pain, abdominal 
distension and vomiting. He was admitted to a number of different hospitals for this 
condition but no accurate diagnosis was made until, during an admisson to Bellevue 
Hospital in March, 1946, a diagnosis of recurrent acute pancreatitis was made on the 
basis of serum amylase determinations (Fig. 36). Roentgenogram of the gall bladder, 
stomach and duodenum showed no abnormality. He left the hospital when his symp- 
toms subsided but, after several more attacks, returned for operation. A secretin test 



Fig. 32. — (Case 19). The cholecystogram demonstrated a normal gallbladder and 
calcification in the head of the pancreas (arrow). The tube visible in this film lay in 
the pancreatic fistula "to the skin. 


showed normal pancreatic function (total volume 271 cc. ; total amylase 638 units). 

At operation on Feb. 11, 1948 dense adhesions were found between the liver and 
the adjacent organs. The gallbladder was thin-walled and contained no stones. The 
pancreas was firm. The common duct was normal in diameter. A cholangiogram 
visualized the whole pancreatic dutt (Fig. 28). Cholecystectomy and endocholedochal 
sphincterotomy Avere performed. Cholangiographic studies 2 weeks after operation 
failed to visualize the pancreatic duct under spasm of the sphincter produced by pain 
(Fig. 29). After morphine administration, the function of the intact duodenal wall 
as a one-Avay valve could be seen to be intact (Fig. 30). Kymographic studies were 
further evidence of destruction of the sphincter of Oddi. 

The patient had no further attacks of pancreatitis as observed during subsequent 
hospital admission for alcoholism. 

Case No. 15 — F.J. (Bellevue Hospital, No. 4485-48) ivas a 50-year-old male 
with a 13-year history of attacks of severe upper mid-abdominal pain, radiating to 
the epigastrium and left upper quadrant, lasting 2 hours to 2 days and occurring 2 
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lo 3 times a month. Tlicsc attacks followed a big meal and were most severe if food 
were taken after a prolonged alcoholic spree. There was no history of diarrhea. 
Roentgenograms of the abdomen revealed widespread calcification of the pancreas 
(Fig. 11) ; X-ra 3 ' of the gall bladder showed normal visualization; and of the stomach 
and duodenum was reported as suggestive of duodenal ' ulcer. The glucose tolerance 
curve was normal. A secretin test showed diminished volume response of pancreatic 
juice flow but fairlj-^ good am 3 'lase concentration (total volume 105 cc. ; total amylase 
297 units). Since the symptoms were similar lo those of non-calcified recurrent acute 
pancreatitis, and since he had good external and internal pancreatic function, it was 
decided to treat him as recurrent aeute pancreatitis. 

At operation, Februaiy 19, 1948, onl 3 ' a few adhesions Avere present at the fundus 
and ampulla of the gallbladder Avhich was thin-walled. The pancreas Avas markedly 
enlarged throughout, vcr 3 ' hard, and Avith cobblc-slonc-likc surface. The head of the 
pancreas pushed the duodenum forward and distorted it. A thin scar on the anterior 
duodenal Avail Avas suggestive of a healed duodenal ulcer. A cholangiogram shoAved 
an enlarged common hile duct Avilh distortion due to pressure from the pancreas, 
hut the pancreatic duct Avas not visualized (Fig. 31). The gallbladder Avas removed 
and the common duct opened. Due to difiicull 3 >- in passing -the sphincterotome through 
the papilla, the duodenum Avas opened and the instrument passed through under vision. 
The blade Avas then opened, retracted and the sphincter sectioned. Tavo Aveeks after 
operation, cholangiographic studies again failed to A'isualize the pancreatic duct. Kymo- 
graphic studies shoAved a slight response to acid indicating possibly incornplete section 
of the sphincter hut the response to morphine sh'oAvcd excellent functional destruction 
(Fig. 13). The patient has had no S 3 >mptoms since operation but the acid test of an 
alcoholic bout has not yet been applied. 

Case No, 16 — C.R, (Bellevue Hospital, No. 7790-48) Avas a 29-year-old female 
Avith a 6-year history of recurrent monthly attacks of severe epigastric pain associated 
Avith nausea and Ammiting, and radiating to both upper quardrants and to the back. 
Repeated Roentgenograms of the gallbladder, stomach and duodenum showed no 
abnormalit 3 '. Exploratory laparotomy at another hospital during an acute attack in 
1943 revealed acute pancreatitis. Cholccystostomy and drainage of the pancreas Avere 
performed. Drainage from the cliolec 3 'Stostom 3 '^ site persisted intermittently for the 
intervening 5 3 ^cars and, at one time during the course of this biliary drainage, a small 
cholesterol stone Avas extruded. When the fistula closed the attacks recurred. 

She Avas admitted to this hospital on February IS, 1948. Contrast medium injection 
of the fistula revealed a small cavity AA'hich appeared to hold a radio-translucent stone. 
The drainage fluid contained no amylase. A secretin test shoAved marked reduction 
in the pancreatic function (total volume 42 cc. ; total amylase 43 units). At opera- 
tion on February 25, 1948, the fistula Avas found to communicate with a markedly 
fibrotic gallbladder containing a stone impacted in the cystic duct. The common bile 
duct Avas at least tAvice its normal size. The pancreas was hard throughout and 
moderately enlarged. A cholangiogram visualized the Avhole pancreatic duct (Fig. 10). 
Cholecystectomy and endocholedochal sphincterotomy were performed. The common 
duct Avas closed and a small drain, Avhich Avas removed 4 days after operation, placed 
down to it. 

Patient has been completely symptom free since operation. 

Case No. 17— J.D. (Bellevue Hospital No. 8639-48) was a 32-year-oId male 
Avith a 5-year history of frequent recurrent attacks of severe upper abdominal pain, 
sudden in onset, originating in peri-umbilical region and spreading up to the epi- 
gastrium and both upper quadrants and to back, accompanied by nausea and vomiting 
(bloody on 2 occasions) and lasting from 2 to 3 weeks. No diarrhea folloAving these 
attacks. In November, 1946, a cholecystectomy was done but the attacks persisted. In 
1947, at another hospital, a diagnosis of acute pancreatitis Avas made (serum amylase 
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Fig. 33. 



Fig. 34. 


Fig. 35. 


Figs. 33, 34 and 35. — (Case 19). Postoperative cholangiogram showed the catheter 
passing down the common bile duct into the duodenum (Fig. 33). Following partial 
withdrawal of catheter, the distorted narrowed common bile duct could be visualized 
(Fig. 34). A long thin shadow (arrow) to the right of the common duct might be the 
pancreatic duct but the distortion due to calcification of the head of the pancreas made 
this uncertain. Following administration of morphine (Fig. 35) the terminal part of 
the common duct was constricted by the increased tonus of the duodenal wall. The 
tube (arrow) lying in the pancreatico-gastrostomy was visualized. 
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281 mg. %) and confirmed bj' exploratory laparotom 3 ^ In February, 1948 a similar 
attack (amjdasc 209 mg. %) was observed. He was admitted to Bellevue Hospital 
February 19, 1948 at which time gaslro-intcslinal Roentgenolic findings were normal. 
Secretin test showed diminished function (total volume 132 cc. ; total amylase 135 
units). At operation on !March 4, 1948, dense adhesions were found in the upper ab- 
domen. The common duct was dilated 3 times its normal size; the pancreas was hard 
and enlarged throughout. An operative cholangiogram was unsatisfactory and failed 
to reveal the pancreatic duct. Tlic common duct was opened and the sphincterotome 
passed. The duodenum was then opened and the sphincter of Oddi sectioned by the 
sphincterotomj' under vision. Tlie duodenum was closed and a T tube placed in the 
common duct. 

Two Aveeks after operation a kymographic tracing showed evidence of destruction 
of tlic sphincter (no response to acid and diminished response to morphine). A cho- 
langiogram showed ready entrance of contrast medium into the duodenum and failed 
to visualize the pancreatic duct. The T tube was removed on March 24, 1948 and the 
patient was discharged. He has had no symptoms since operation. 

Case No. 18 — ^J.W. (Holi-^ Name Hospital, Teaneck, N. J., operation with 
Dr. Walter J. Farr) was a .S3-i’ear-old male with a d-j'Car history of attacks of right 
upper quadrant pain lasting 8 to 10 minutes. In 1944 a cholecystectomy was performed 
for stones. He was well for 6 months when cxtremelj'^ severe attacks in the right upper 
quadrant recurred, lasting from 10 minutes to 6 hours, and occurring 2 to 3 times a 
week. A diagnosis of recurrent acute pancreatitis was made. At operation, the pan- 
creas was found to be enlarged and rock-like in consistency throughout its whole ex- 
tent. The common bile duct was about 3 times its normal diameter with a thickened 
inflamed wall. Endocholcdochal sphincterolomj' was done and the common bile duct 
closed. A small rubber drain was placed down to the duct and removed 3 days later. 

The patient has been free of symptoms since operation. 

Case No. 19 — ^J.G. (Bellevue Hospital, No. 906-48) was a 36-year-old male 
admitted to the psychiatric division of Bellevue Hospital on February 24, 1948 in a 
semi-stuporous condition due apparently to insulin hj^poglycemia. He had a history 
of attacks of severe epigastric pain radiating to the back for 11 years. In 1940 an 
operation, cholecystostom)' and drainage of a pancreatic cj'st for obstructive jaundice 
due to the cyst, was performed. After 2 years the attacks of severe epigastric pain 
recurred and he became a morphine addict. In 1945, at another hospital, following 
studies Avhich indicated marked diminution of pancreatic function, an attempt to do a 
pancreatectomy Avas abandoned and a splenectomy and drainage of a pancreatic cyst was 
carried out. He developed a persistent pancreatic fistula and attacks of epigastric pain 
persisted. After this operation a pancreatic-colic fistula was demonstrated but this 
apparently closed. At this time, the patient developed diabetes for which he required 
40 Units of Insulin. He continued to haA'e attacks of severe pain associated with 
paralytic ileus on occasion. 

Studies at Bellevue Hospital revealed a severe diabetes (glucose tolerance curve: 
173,235,333,308 mg. % sugar at hour intervals). Injection of the pancreatic fistula 
visualized part' of the pancreatic duct and shoAved free communication with the 
duodenum. Roentgenogram of the stomach and duodenum revealed a normal stomach 
with some obstruction of the duodenum. Secretin tests could not be done due toi failure 
to pass a duodenal tube. Roentgen-ray studies revealed a normal functioning gallblad- 
der as well as calcification in the head of the pancreas (Fig. 32). He required frequent 
injections of demerol for pain and to alleviate morphine Avithdrawal symptoms. 

At operation on April 5, 1948 the stomach, duodenum and colon Avere found to be 
adherent to the liver. The gallbladder was surrounded by dense adhesions. The pan- 
creatic fistula communicated with the body of the pancreas which was thickened and 
fibrosed Avith the head hard, irregular and enlarged. Many large veins coursed around 
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and over the gastrohepatic omentum, duodenum and pancreas. The common duct was 
located only after a cholangiogram was done through the cystic duct following re- 
moval of the gallbladder. The common duct was wide above and tortuous in its pas- 
sage behind the head of the pancreas. The pancreatic duct was not visualized. The 
common duct was opened and a fine probe passed into the duodenum. The duodenum 
was opened and the sphincter of Oddi was cut transduodenally over the probe. A 
fine catheter was passed into the duodenum through the bile duct and brought out at 
the lateral angle of the wound. The pancreatic fistula was excised. The opening which 
remained in the main pancreatic duct rvas anastomosed to the overlying stomach over 
a small rubber tube. Cholangiograms taken 2 weeks after operation showed ready 
entrance of the contrast medium into the duodenum (Figs. 33 and 34). Following in- 
jection of morphine the duodenal musculature was shown to be intact (Fig. 35). Patient 



Fig. 36. Fig. 37 . 

Figs. 36 and 37.— (Case 21). Calcification of the pancrease (Fig. 36) and operative 
cholangiogram through a needle in the cj'stic duct (Fig. 37). The angulation and 
narrowing of the bile duct in its passage behind the calcified head of the pancreas was 
noteworthy. A questionable shadow (arrow) may be the pancreatic duct. 

has been asymptomatic since discharge, requiring no demerol and the pancreatic fistula 
has remained closed. 

Case No. 20. — D.P. (French Hospital No. 138622) was a 31-year-old female 
with a 12-year history of attacks of epigastric pain radiating to the back over the 10th 
rib and to the left upper quadrant. The post-prandial pain has become so frequent that 
fear of eating led to a loss of 16 pounds in the last 6 months. Appendectomy was 
performed 12 years ago, and the removal of the right cystic ovary 6 years ago, without 
alleviating attacks. Complete physical and Roentgen-ray examinations at various hos- 
pitals failed to establish any diagnosis. A secretin test showed over 50% loss in 
pancreatic function (total volume 66 cc. ; total amylase 325 units) . On the basis of this 
test and the history, a diagnosis -of recurrent acute pancreatitis was made. At opera- 
tion on April 9, 1948, the gallbladder was found to be normal with only a few adhesions 
to the ampulla. The pancreas felt normal; the common bile duct was about twice its 
normal size. A cholangiogram was unsatisfactory owing to technical reasons. The 
gallbladder was removed and the common duct opened. The tip of the sphincterotome 
was arrested at the papilla and the duodenum was opened. The tip of the instrument 
was found arrested in a rather large ampulla of Vater due to the fact that the direc- 
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tion of the papilla was at right angles to the common duct. The instrument was pushed 
through the papilla and the sphincter of Oddi cut. When this was done the mouth of 
the pancreatic duct could be seen opening on the posterior wall of the ampulla 6 mm. 
above the papilla. A probe could he passed up the pancreatic duct for a distance of 
S cm. The common bile duct and the duodenum were closed and a small drainage tube 
placed down to that site ; this was removed 3 days later. The patient has been asymp- 
tomatic since. 

Case No. 21 — D.R.W. (Beth Israel Hospital, Newark, N. J. — operation with 
Dr. A. Abrams) was a 40-ycar-old white male with a 12-year history of attacks of 
severe epigastric pain radiating to the back and to both upper quadrants, occasionally 
accompanied by vomiting. The attacks lasted from 2 hours to 2 days and at first oc- 
curred about every 6 months, but in the last few years the severe attacks occurred 
every few weeks and he had pain after eating almost every day. Ten years ago a 
diagnosis of perforated ulcer was made hut no operation was done. Between 1940-1944 
he was admitted to 4 different military hospitals. Many roentgenograms showed a 
normal gallbladder and normal stomach and duodenum. He was finally discharged 
from the army February 11, 1948 because of incapacitating pain. No diagnosis was 
made. Examination by a civilian physician revealed calcification of the pancreas (Fig. 
36). A cholccystostomy was performed but by request of the patient the pancreas was 
not removed. He had no pain as long as the cholccystostomy was functioning. As soon 
as the drainage tube was removed the attacks of pain recurred. A secretin test done 
on April 12, 1948 revealed marked impairnint of the pancreas (total volume 120 cc. ; 
tola! ami'lasc 65 units). At operation on April 16, 1948 the pancreas was found to 
be large and very hard with an irregular knobby' surface. The gallbladder was re- 
moved. A cholagiogram visualized the pancreatic duct only questionably (Fig. 37). 
The common bile duct was about twice its normal size, and very tortuous, owing 
to its passage behind the enlarged irregular head of the pancreas. The common duct 
was opened, the sphincterotomc passed into the duodenum and sphincterotomy done. 
The common duct was sutured and a small drain placed down to the line of suture. 
He has been asymptomatic since operation. 

DISCUSSION 

The definitive surgical attack on acute recurrent pancreatitis accepts as 
its basis that when a common passageway between bile and pancreatic ducts 
can be demonstrated this anatomic arrangement permits the inception of the 
disease. It may be possible for other unlcnown mechanisms, not involving 
bile in the pancreatic ducts, to cause inflammation of the gland. Pancreatitis 
occurs in mumps and possibly in other virus diseases. Unaltered bile in the 
pancreatic duct may be innocuous; the anatomic possibility may be present 
without reflux ever actually occurring. In this conception, there are these 
conditions necessary for the occurrence of an attack: a common passageway; 
bile which has been rendered noxious by concentration of its salts or some 
other change; and spasm of the sphincter of Oddi. 

A common passageway can be demonstrated by operative cholangiography 
or the presence of pancreatic juice in the gallbladder or common duct. That 
bile which is concentrated by the gallbladder is a likely chemical agent which 
is injurious to the pancreas is in part attested by the fact that cholecystectomy 
is frequently a temporary relieving measure.^' The history of patients 
may reveal a period of freedom from pain after removal of a functioning 
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gallbladder without stones. Eventually, however, in some of these patients 
pancreatitis will occur. The sphincter of Oddi is the sealing mechanism 
which raises the pressure in the common system by recurrent spasm. This 
spasm can be induced by hydrochloric acid applied to the papilla. As with 
other muscular elements of the upper gastro-intestional tract the contraction 
of the sphincter muscle is also controlled by ners'ous influences and possibly 
by hormones. Emotional disturbance or pain can induce spasm. In this sense 
dysfunction may be related to a similar d3'^sfunction resulting in peptic ulcer 
or pylorospasm. 

An unsolved aspect of this problem is liow the bile can enter the pan- 
creatic duct against the secretory pressure of the pancreas itself. Under the 
stimulus of secretin the flow of pancreatic juice will not permit bile to enter 
the pancreatic duct. Under the stimulus of ingested food bile pressure and 
pancreatic juice pressure are the same. 

SUMMARY 

Methods of diagnosis of recurrent pancreatitis by serum am3dase deter- 
minations, pancreatic response to secretin stimulation, cholangiograms and 
biliary tract pressure recordings have been discussed. The etiologic factors 
first suggested by Archibald of spasm of the sphincter of Oddi in the pres- 
ence of a common biliary-pancreatic passagewa3’- and reflux of bile into the 
pancreas have been studied on human patients. A summar3'^ of patients so 
studied and treated is presented. These studies confirm Archibald’s opinions. 
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Discussion. — Dr. Henry Doubilet, New' York: I want to thank the members 
of the Association for the great honor and privilege of the floor. There are two 
points I should like to make. One is that this series of patients who have been 
operated on, forms only a small number of the total patients studied. In all routine 
biliary tract surgery a cholangiogram is done on the operating table. During this 
procedure normal tenth h 3 'drocholic acid is applied to the papilla of Vater to produce 
spasm. These cholangiograms are valuable not only for the detection of common duct 
stones or malignancy, but also to determine the incidence of a common passageway 
and a reflux mechanism. A large proportion of these patients have been found to 
have a common passageway. Three of the patients in whom reflux mechanism was 
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demonstrated by operative cholangiography, since developed recurrent acute pancreati- 
tis. One o£ these patients had a severe attack nine days after discharge, with an 
elevated serum amylase. She was finally readmitted and operated upon, at which 
time the sphincter of Oddi was cut. The other two patients are being followed in 
the outpatient department until such time as we can find an elevated serum amylase 
during one of their attacks. 

The second point that is of great interest to us, is the relation of the reflux 
mechanism to the etiology’’ of acute necrotizing cholecystitis or cholangeitis with or 
without stones. The presence of pancreatic enzymes in the gallbladder or in the 
coimnon duct is proof of reflux in these patients. We hope to have adequate studies 
in a few years to support a planned surgical approach in the therapy of these patients ; 
that is, section of the sphincter of Oddi to prevent reflux. 

Dr. Alton Ochsner, New Orleans; This work is indeed stimulating. I regret 
that Dr. Gage is not here to discuss it because, as you know, he has been interested 
in the treatment of acute pancreatitis by sympathetic block, and I would like to give 
you some of the results on his cases, and also raise the question of whether in these 
acute recurrent pancreatitis attacks, in which Dr. Mulholland has shown that section 
of tire ampulla has so dramatically relieved them — it would not be better to perform 
a plastic procedure on the duct rather than trans-clioledocho section. Only time will 
tell whether this will give rise to stricture later. We have had two patients in whom 
we have done plastics on the duct, making an incision transductally and then suturing 
the ductal mucosa to the duodenal mucosa. 

(slides) In the 15 cases Dr. Gage has had, typical splanchnic block has been 
done, using the Kappis technic. This technic consists of choosing a point 7 cm. 
lateral to the 12th spinous process at the lower border of the 12th rib. The needle 
is introducted at an angle of 45° until it strikes the body of the vertebra. The 
direction of the needle is slightly changed so that it can slide just beyond the body 
of the vertebra. The point of the needle lies in the retroperitoneal space where 
15 cc. of to 1 per cent novocain are injected on each side; two similar points are 
chosen 7 cm, caudad to the first two points and needles are similarly introduced. In 
all, four injections are made. 

Dr, Gage is of the opinion that acute pancreatitis usually occurs when the 
choledochus and pancreatic duct open conjointly into the ampulla of Vater and that, 
as a result of obstruction of the communal duct, either by stone or spasm, reflux of 
bile into the pancreatic duct can occur which may produce acute pancreatitis by ac- 
tivation of the tryptic ferment and also by causing rupture of the pancreatic acini 
because of the markedly increased pressure within the pancreatic ducts. Because of 
the extensive fat necrosis associated with acute pancreatis there is considerable 
demand for calcium to saponify the fat which results in decrease in blood calcium. 
For this reason, Dr. Gage is of the opinion that patients with acute pancreatitis should 
be given calcium intravenously. The hypocalcemia does not occur immediately after 
the attack but is most marked approximately a week after the onset of acute illness. 
Penicillin is given in order to prevent infection of the necrotic areas. 

Dr. H. F. Graham, Brooklyn; I should like to comment on the papers of Dr. 
Cole and Dr. Mulholland. You will recollect that Dr. Cole mentioned that in about 
25 per cent of cases they were not postoperative strictures according to his analysis. 
Dr. Mulholland mentioned the reflux from the biliary tract into the pancreas, and 
Dr. Doubilet has also shown that their studies have proved there is a reflux of 
pancreatic juice into the biliary tract. The cases that follow operation are tragic and 
distressing, but they are also controversial and subject to differences of opinion. We 
know of one case, however, an adult who had not been jaundiced previously, which 
eliminated the congenital aspect. He developed a chronic jaudice without previous 
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operation, was operated upon and complete obliteration of the common duct and the 
duct into the liver was found. It is going to be more difficult to prove that these 
cases are due to reflux of pancreatic juice than in the cases Dr. Mulholland 
demonstrated as due to reflux of bile, but I think some day this explanation will be 
accepted as the only rational explanation of many cases of stricture that occur. That 
can be determined usually by the extent of the stricture, which is much longer than 
the strictures found from operative interference. The upper end of the common duct 
is usually dilated after operative damage, while in these cases it is not. 

Dr. Evarts Graham, St. Louis: How long after cutting the sphincter does the 
paralysis last? 

Dr. John H. Mulholland, New York (closing) : In reply to Dr. Ochsner’s 
suggestion that a plastic operation on the sphincter mechanism might be advisable, I 
think it is vital to preserve the oblique passage of the common bile duct in the 
duodenal wall. The muscular intestinal wall containing the intramural portion of 
the common duct acts as a sphincter and is an effective bar to the reflux of duodenal 
contents in the biliary tract. None of these patients have developed cholangitis. 

In answer to Dr. Graham, we know that our oldest patient, 18 months post- 
operative, has no evidence of sphincter spasm. Dr. Doubilet, who has done the basic 
experimental work concerned in this problem, has sacrificed dogs two years after the 
sphincter was cut and found it retracted and incompetent. 
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Experience with total pancreatectomy has been too meager to 
allow a judgment of the ultimate usefulness of this procedure. Neverthe- 
less, two statements concerning its future may fairly be made, namely, that 
the operation is a theoretically sound and promising one, and that its tech- 
nical difficulties in themselves will not be an insurmountable obstacle to its 
wider popularity. Indeed, the factor that will most likely decide the fate 
of this procedure will be our ability or inability to learn to deal satisfactorily 
with the complex problems that arise in the postoperative management of 
the patients who have been subjected to it. 

Total pancreatectomy is unlike other surgical procedures of similar 
magnitude in that it brings about profound changes in the physiologic 
processes of the human organism — changes that, unless they are corrected, 
are inherently progressive and fatal. In spite of the many valuable lessons 
learned from animal experimentation, our understanding of the physiologic 
behavior of the patient recently deprived of his pancreas is quite incom- 
plete. An inadequate grasp of the problem of altered physiological response 
after total pancreatectomy has undoubtedly been the cause of many fatali- 
ties. This certainly has been the case in our experience. Conversely, an 
increase in the survival rate and a broadening of the usefulness of the 
operation will eventually come from a more thorough comprehension of the 
manner in which the human organism responds to removal of the pancreas. 

Among the 17 cases of total pancreatoduodenectomy mentioned in medi- 
cal literature^'^^ only seven lived long enough to allow postoperative investiga- 
tions. Six of these have been described in detailed accounts by Priestly ef al.,^ 
Brunschwig et ® Whipple,® Waugh et al.7'° Dixon et and 

Clagett.^® The report by Dixon, Comfort, Lichtman and Benson on the 
metabolic changes in a case of total pancreatectomy is unrivalled for thor- 
oughness and richness of information. 

In the present study certain observations on the postoperative course 
of three cases of total pancreatoduodenectomy of relatively long survival 
will be reported. These cases have not been described before, although 
Case 1 has been briefly referred to by McClure.^ 

SHORT SUMMARIES OF THE CLINICAL HISTORIES 

For better evaluation of the data to be presented, brief summaries of 
the clinical histories of the three cases will be first given. 

Case 1. — (M.A.S. Case No. 76,836). Male, aged 43 3 ts. — ^A dmitted on January 2, 
1944, with the complaint of intermittent griping distress across the mid-abdomen 

* Read before the American Surgical Association, Quebec, Canada, May 27, 1948. 
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of two weeks’ duration. Ease of fatigue, loss of appetite and loss of 20 lbs. of 
weight during the 8 weeks before admission. Clay-colored stool and dark urine 
for five weeks. Negative past and systemic histories. 

Physical cxavhmaiion: Comfortable. Nutritional state fair. Markedly icteric. 
T.P.R. normal. B.P. IIO/SO. Liver palpable 6 cm. below the rt. costal margin, 
smooth and slightly tender. Gall bladder not palpable. The remainder of the 
examination essentially negative. 

Laboratory findings: Kline exclusion test: negative. Urinalysis: positive for bile, 
otherwise negative. Routine and warm-stage stool examination : bulky and contain- 
ing undigested meat; bile present; otherwise negative. The rest of the data of 
interest are listed in Table I. Biliary drainage: no B-bile; cholesterol crystals and 
clumps of w.b.c. Roentgen-ray studies: Serial films of the stomach and barium enema 
film : negative. 

Hospital Course: Diagnosis: Obstructive jaundice caused by carcinoma of the 
head of the pancreas. Operation {January 14 1944): Total pancreatoduodenectomy; 
splenectomy; gastrojejunostomy and choledochojejunostonij'. Pathologic diagnosis: 
Duct carcinoma of the pancreas, G. 2. Postoperative recovery: persistence of jaundice, 
some delay in emptying of the stomach and development of anasarca of moderate 
degree; slow but steady improvement. Discharged on the 23rd postoperative day 
in good general condition, weighing 137 lbs, on a diet of carbohydrates 200 Gm., 
protein 120 Gm. and fat 60 Gm., and on a daily medication consisting of pancreatin 
(U.S.P.) 3.0 Gm., protamine zinc insulin, 26 U., regular insulin p.r.n. and prepara- 
tions of vitamin B, C and K. 

Course after discharge: From February 6 to April 23 seen at weekly and bi- 
weekly intervals in the out-patient clinic. Symptom-free. Diabetes under satisfactory 
control with 26 to 28 U of protamine zinc insulin. Between April 23 and 30, 1944, 
admitted for studies. (Results shown in Table II.) From April 30, 1944 until 
November 11, 1944, seen at bi-monthly intervals. During this time, symptom-free; 
body weight 130-135 lbs. ; diet on September 5, 1944, changed to C. 300, P. 135, 
F. 100; insulin increased to 40 U. protamine zinc insulin per day. One or two 
normal stools daily; 0.32 Gm, pancreatin (U.S.P.) t.i.d. ; carrying on half-time 
work as salesman. On November 11, 1944, patient admitted with the complaint of 
intermittent low-abdominal cramps of a few days’ duration; physical examination 
negative. Serial roentgen-ray films of the small bowel: pressure defects in the 
contour of stomach and duodenum probably due to extraneous tumor masses. 
Diagnosis: partial acute small bowel obstruction caused by metastatic carcinoma. 
After discharge on palliative medication on November 28, 1944, patient was lost 
sight of until March 10, 1945, when he returned with severe symptoms and signs 
of intestinal obstruction. He died on March 12, 1946, fourteen months after his 
pancreatectomy. An autopsy was performed, the important findings of which were 
as follows: Carcinoma of the pancreas (surgically removed). Metastatic carcinoma 
of the retroperitoneal lymph nodes, peritoneum and liver. Partial obstruction of 
jejunum by metastatic carcinoma. Peptic ulcer of jejunum at gastrojejunostomy. 
Small pulmonary emboli. 

Case 2. — (A.S., Case No. 518,005). Female, aged 57 yrs. — Admitted on August 30, 
1947, with the complaint of “yellow jaundice." Onset four weeks earlier of yellow 
color of skin, attacks of diarrhea with foul and bulky stools of light color associated 
with transient low-abdominal cramps. Loss of 38 lbs. of weight in four months. 
Diabetes of eight 3 'ears’ standing; poorly controlled with 24 U. of regular insulin 
daily. Hj'Sterectomy in 1939. 

Physical examination: comfortable, underweight, markedly jaundiced. T. 98.8, 
P. 78, R. 18. B.P, 120/70. Diabetic retinopathj'-, O.D. Liver palpable 4 cm. below right 
costal margin, gall bladder questionably palpable. Generalized arteriosclerosis. 
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Laboratory fiinding: Data of interest are listed in Table 1. Biliary drainage (Sept. 
4, 1947) : Bile not obtained. Roentgen-ray studies: Serial films of the stomach and 
duodenum (Sept. 8, 1947) ; negative. 

Hospital course: Diagnosis: Obstructive jaundice probably caused by carcinoma 
of the head of the pancreas. Operation (Sept. 13, 1947) ; Total pancreatoduodenec- 
tomy. Gastrojejunostomy, choledocho-jej unostomy. Pathologic diagnosis: adeno- 
carcinoma and fibrosis of the pancreas. Postoperative course: aside from a severe 
urethro-cystitis and a diarrhea, recovery rapid and complete. Discharged in good 
condition on October 5, 1947 (22nd postoperative day), on a diet of carbohydrate 
2S0 Gm., protein 120 Gm., fat 70 Gm., and with the following medication : protamine 
zinc insulin 10 U. b.i.d., regular insulin p.r.n., pancreatin (U.S.P.) 75.0 Gm. daily and 
choline chloride 1.0 Gm. daily. 

Course after discharge: From October 5, 1947 until November 11, 1947, patient 
seen once or twice weekly in the out-patient clinic. Only complaints; severe dysuria 
and urinary frequency. Diabetes under fairly good control with 25-30 U. of insulin. 
Poor home situation and patient obliged to do heavy housework soon after dis- 
charge from hospital; difficulty in maintaining weight. On November 24, 1947, 
admitted with signs and symptoms of acute intestinal obstruction of two days’ 
duration. General condition on admission very poor. Surgery not attempted. Ex- 
pired on November 27, 1947, eleven and a half weeks after her pancreatectomy. 
Autopsy findings of importance: Acute intestinal obstruction due to fibrous band 
arising from the bed of previously (1939) removed appendix; acute fibrino-purulent 
peritonitis; postoperative state following total pancreatoduodenectomy. Generalized 
arteriosclerosis. There was no evidence of any remnant or recurrence of the 
pancreatic carcinoma. 

Case 3. — (L.T.S., Case No. 539,056). Female, aged 60 yrs. — Admitted on 
January 12, 1948, with the complaints of diarrhea and loss of 48 lbs, of 
weight in seven months. One month before admission onset of jaundice and appear- 
ance of diarrhea with large, greasy, light-colored stools. No pain, fever or chill. 
Attacks of gall bladder colic for a number of years. Known diabetic for IS years 
with fairly good control on 25-30 daily U. of regular insulin. Seven months 
before .admission B.M.R. plus 37 ; treated with Lugol’s solution. 

Physical examination: Evidence of recent weight loss. Markedly icteric. Com- 
fortable. Temperature 98.6, pulse 90, respirations 18; blood pressure 150/80; weight 
122 lbs. No exophthalmos or exophthalmic eye signs. Cardiovascular system essen- 
tially normal. Liver palpable 4 cm. below right costal margin. Gall bladder ques- 
tionably palpable. The remainder of the findings unimportant. 

Laboratory findings: The data of interest on blood determinations are listed in 
Table I, Kline exclusion serological test (January 12, 1948) : negative. Urinalysis : 
positive Benedict test on repeated occasions, otherwise negative. Warm-stage stool 
examination and routine stool examination (January 12, 1948) : absence of bile; 
undigested food elements, 4 plus guaiac. B.M.R. (January 20, 1948) plus 41, R.Q. 0.71 ; 
(January 24, 1948) plus 30. Roentgenologic studies: Barium enema examination of 
the colon (January 16, 1948) : negative. Cholecystograms (January 14, 1948) : non- 
function of the gall bladder, containing calcified gall stones. Serial films of the 
stomach (January 29, 1948) : negative. Biliary drainage (January 14, 1948) : no 
B-bile; suggestive evidence of gall stones and cholecystitis. Duodenal drainage 
(January 14, 1948) : absence of pancreatic enzymes. Gastric analysis (January 14, 
1948) : fasting negative for free hydrochloric acid, all fractions containing free 
hydrochloric acid; chymification normal. Electrocardiogram (January 31, 1948) : 
arteriosclerotic heart disease. 

Hospital course: Diagnosis; Obstructive jaundice probably caused by carcinoma 
of the head of the pancreas. Operation (January 21, 1948) : Total pancreatoduodenec- 
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tomy, splenectomy, choledochojejunostomy, gastrojejunostomy, cholecystostomy, re- 
moval of gall stones. Pathologic diagnosis: Adenocarcinoma of the pancreas arising 
in the duct system, G, 2, with metastases to the regional lymph nodes. Post- 
operative course: Rapid and complete recovery in 14 days. Discharged after some 
metabolic studies on February 23, 1948. Discharge diet; carbohydrate 250 Gm., protein 
150 Gm. and fat 100 Gm. Discharge medications: Pancreatin (U.S.P.) 1.32 Gm. t.i.d. ; 
protamine zinc insulin 5 U. A.M. and P.M. with regular insulin p.r.n.; choline 
chloride 1.32 Gm. t.i.d. ; propylthiouracil 50 mg, ti.d. 

Course after discharge: From February 23, to March 14 patient was seen 
twice weekly in the out-patient clinic. Glycosuria difficult to control, daily 2 plus to 
3 plus urinary sugar but no acetone. On March 14, 1948 patient admitted for studies 
(see below). On March 26, 1948, patient was again dismissed; returned to her home 
400 miles from Detroit under care of own ph 3 'sician. Medication : Pancreatin 8.0 Gm. 
daily; protamine zinc insulin 5 U. q.a.m., regular insulin p.r.n. ; propylthiouracil 50 mg. 
t.i.d. On April 26, 1948, patient reentered the hospital for follow-up studies. At this 
time she felt well and complained only of occasional epigastric distress after eating. 
Physical examination showed no noteworthy abnormality other than moderate 
diabetic retinopathy, O.U. Temperature, pulse and respirations were normal; blood 
pressure 143/78; weight 115 lbs. The laboratory findings of interest are listed in 
Table IV. Serial roentgenograms of the upper gastro-intestinal tract (April 27, 1948) : 
Some obstruction at the gastro-enterostomy stoma; visualization of the biliary tract 
with barium; otherwise negative. (Other studies in progress.) 

IMMEDIATE POSTOPERATIVE OBSERVATIONS 

In addition to the physiologic disturbances that follow any extensive and 
lengthy operation on the upper gastro-intenstinal tract, the complete re- 
moval of the pancreas creates a special problem: that of a rapidly super- 
vening diabetes; or if a state of diabetes already exists (as in our Cases 2 
and 3), a temporary aggravation of the difficulties of controlling the diabetes. 

The changes in carbohydrate metabolism and other physiologic processes 
were followed by daily determinations of the chemical constituents of the 
blood, the more important of which are listed in Tables II, III and IV and 
represented in Figures 2, 3 and 4. Blood sugar and COg capacity often 
had to be determined two or more times daily because of the frequent un- 
predictability of their values. 

During the first six to eight postoperative days the urine was collected 
in four daily batches and tested for glucose and acetone four times daily, 
each time of testing immediately preceding the next intravenous feeding. 
The insulin was administered in the intravenous fluid according to the re- 
sults of the analysis of the urine and the blood glucose level. 

The most significant and helpful data were the blood sugar, CO 2 capacity 
and chloride levels. In Cases 1 and 2, an alkalosis in terms of CO 2 capacity 
was observed: the CO 2 capacity rose as high as 94 vols. per cent. The 
explanation of this phenomenon is not easy to find. It has been suggested 
that the sudden cessation of the demand on the alkali reserve of the secre- 
tion of the highty alkaline pancreatic and duodenal juices may have set free 
untapped sources of alkali. In any case, the increase in COo capacity had 
no deleterious effects and responded fairly well to treatment with medica- 
tion supplying acid radicals. 
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The blood chloride level was a valuable guide for the estimation of in- 
travenous feedings. As one would expect, it showed no significant fluctua- 
tions as long as the intravenous therapy was adequate. 

The behavior of the blood glucose values will be discussed below, as 
will also be that of the icterus index, blood lipids and blood lipase and amy- 
lase. The remaining blood chemical studies showed no characteristic 
alterations. 

CARBOHYDRATE METABOLISM AFTER TOTAL PANCREATECTOMY 

Immediate postoperative period . — As observed in our patients, two strik- 
ing facts stand out in the immediate postoperative course of total surgical 
diabetes. First, the insulin requirement for maintaining a blood glucose 
level near the normal range is surprisingly low in comparison with the 
requirements of diabetes mellitus in which almost always a considerable 
amount of functioning island tissue is still present. As a corollary to this 
fact, the sensitivity to insulin of the depancreatized patient is much greater 
than that of the patient with diabetes mellitus. Our patients were satisfac- 
torily controlled with from 10 to 60 units of insulin daily, the average 
number of daily units needed lying just around 30. On the other hand, 
we observed a severe insulin shock following the administration of 10 units 
of insulin three hours after a blood glucose level of 430 mg. per 100 cc. 
The second outstanding fact is the capricious behavior of the blood sugar. 
An effort was made to administer the intravenous fluids containing glucose 
at regular intervals in close correlation with the blood chemistry determina- 
tions and urine tests. It was not possible, however, to arrive at an entirely 
reliable scheme that would keep the urine persistently sugar-free yet not 
lower the blood sugar to a dangerous level. Some tentative explanations for 
this phenomenon will be offered presently. 

Because of the insulin sensitivity and of the variability of the hyper- 
glycemia of the depancreatized patient, we have endeavored to regulate the 
blood sugar level in the immediate postoperative period with the aim of 
keeping it well above rather than very near the normal range, that is, 
around 200 mg. per 100 cc. Either theoretically or as judged by practical 
experience, at least as a short-term type of management, this method has 
shown no untoward effects and has proved safe. 

Later postoperative period . — The immediate postoperative period can be 
regarded as closed when the patient is well established on a satisfactory 
maintenance diet. In our cases this period extended from 14 to 23 days. 

A rather trying space of time begins when the depancreatized patient 
starts taking food by mouth. Because of the inconstant appetite and poor 
digestion and absorption, the amount of actual food intake is hard to 
reckon and the control of the diabetes usually slips (cf. Fig. 1, 2 and 3). 

After the patient has become well accustomed to his diet, a satisfactor}^ 
control is not too difficult to attain. Given constant circumstances of dietary 
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intake, activity and health, the insulin requirement of the depancreatized 
patient does not vary widely. Case 1 lived a life of moderate activity in 
comfort for six months under good control of his diabetes with 26-28 
units of protamine zinc insulin taken in tlie morning. Later his dosage rose 
to 40 units daily and toward the end of his life his control became difficult 
to maintain. 
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Fig. 1. — Case 1. — ^Postoperative changes in blood chlorides, COa capacity and sugar. 
(Determinations on fasting blood specimens. Shaded bands for normal ranges of 
values.) — The figures for the total daily caloric intake represent calculated values. 
The average daily composition of the diet from which the caloric values were derived 
was fairly uniform for each of the following periods : — Last three preoperative days : 
carbohydrate, 350 Gm. ; protein, 200 Gm. ; fat, 50 Gm. First to sixth postoperative 
days: carbohydrate, 150 Gm. ; protein, 35 Gm. Seventh to twenty-first postoperative 
days : carbohydrate, 200 Gm. ; protein, 120 Gm . ; fat, 50 Gm. 


Changes in diet, bowel habits (diarrhea), and general health upset the 
control of these patients seemingly more readily than that of patients with 
diabetes mellitus. Case 2 was controlled in a satisfactory manner only for 
short periods of time on account of a recurrent urethro-cystitis of moderate 
severity. When in good health, her daily need was about 30 units ; during 
the spells of illness this went up to 40 or 45 units. Control of the diabetes 
in Case 3 has been an especially difficult problem owing to the high basal 
metabolic rate (see below). Her daity requirement has been around 40 units. 
On this she feels well and maintains her weight but spills 2 to 3 plus sugar 
in her urine almost daily. A closer control in her case is dangerous since 
she has developed severe hypoglycemic shock (blood sugar 43 mg. per 100 
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cc.) upon the subcutaneous administration (by mistake) of 10 units of 
insulin four hours after a meal containing about 120 Gni. of glucose 
equivalent. The sensitivity to insulin, seen in an increased degree in this 
case, was not conspicuous in Case 1, but was quite evident in Case 2. 
This propensity made the use of protamine zinc insulin a matter of some 
risk in Case 3 and to a less extent in Case 2 also. Ten units of protamine 
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Fig. 2. — Case 2 — Postoperative changes in blood chlorides, CO: capacitj^ and sugar. 
(Determinations on fasting blood specimens. Shaded bands for normal ranges of 
values.) — The figures for the total daily caloric intake represent calculated values. 
Ihe average daily composition of the diet from which the caloric values were derived 
was fairly uniform for each of the following periods. Preopcrativelj^ : carbohj'drate, 
350 Gm. ; protein, 120 Gm. ; fat, 70 Gm. First to sixth postoperative days : carbo- 
hydrate, 150 Gm. ; protein, 125 Gm. Seventh to twenty-first postoperative days: 
carbohydrate, 250 Gm.; protein, 110 Gm.; fat, 80 Gm. 

zinc insulin taken at 8 A.M. and 6 P.M. would on occasion cause a mild 
hypoglycemic reaction in the following morning, before the next injection, 
apparently by virtue of the summation of the effect of the two injections 
of the previous day. Case 3 became, for this reason, very antagonistic to 
the use of the long-lasting preparation. Nevertheless, whenever possible 
we attempt to administer about to Yi of the daily insulin requirement 
in the form of protamine zinc insulin. 

Because of the insulin sensitivity, we prefer to regulate die insulin 
dosage, also in the later postoperative period, in such a manner as to insure a 
fasting blood sugar on the hyperglycemic side (150 plus mg.). 
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The relatively low insulin requirement in total surgical diabetes has 
given occasion for much speculation. The basal insulin requirement of a 
totally depancreatized 60 kg, man has been estimated on the basis of calcula- 
tions from animal experiments as 1.014 unit per hour or about 24 units 
per day.^® If one increases this figure by 50 per cent to allow for the 
needs of the metabolic state for average activity the estimate of 36 units 
obtained is amazingly close to the aA^erage actually observed in our cases. 
From evidence such as this it has been suggested that in diabetes mellitus 
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Fig. 3. — Case 3, — Postoperative changes in blood chlorides, COs capacity and 
sugar. (Determinations on fasting blood specimens. Shaded bands for normal ranges 
of values.) — The fiigures for the total daily caloric intake represent calculated values. 
The average daily composition of the diet from which the caloric values were derived 
was fairly uniform for each of the following periods: Preoperatively : carbohydrate, 
350 Gm. ; protein 100 Gm . ; fat, 60 Gm. First to four postoperative days : carbohydrate, 
150 Gm. ; protein, 50 Gm. Fifth to twenty-first postoperative days: carbohydrate, 250 
Gm. ; protein, 150 Gm. ; fat, 100 Gm. 

there is a factor at work that is absent in pure surgical diabetes. The 
recent work on the role of the pituitary and adrenal glands in the regula- 
tion of carbohydrate metabolism seems to favor such an assumption. In a 
recent laboratory experiments^ the sequence of events observed in diabetic 
patients that underwent total pancreatectomy (Cases 2 and 3) has been 
duplicated to some extent. After diabetes of a determined severity had 
been produced in dogs by the administration of alloxan, total pancreatec- 
tomy decreased the degree of insulin requirement. The authors postulate 
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that there is a second pancreatic hormone generally antagonistic to insulin. 
It is possible that further observations on patients rendered diabetic sur- 
gically will shed light on these complex problems. 

The seeming contradiction of the simultaneous presence of insulin sensi- 
tivity and tendency for hyperglycemia, and in particular the frequent un- 
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Fig. 4. — Glucose tolerance curves at various postoperative 
periods without [(a) and (b)] and with [(c)] simultaneous 
administration of insulin. (Case 3.)— (Note: The time coor- 
dinate for curve (c) is modified in order to permit the represen- 
tation of an additional blood glucose determination made directly 
on the completion of the intravenus injection; on the abscissa 
this value, rather than the fasting value, is placed in the zero 
position.) 


predictability of the blood glucose level are understandable ■ in the terms 
of the physiologic activity of insulin. Figure 4 presents three characteristic 
sugar tolerance curves in Case 3. It can be seen from curves (a) and (b) that 
the glucose introduced into the blood stream is utilized at a very slow 
rate. Evidently there is no mechanism upon which the high blood- sugar 
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level would exert an influence to speed up utilization by glycogenesis and 
oxidation. In curve (c) the presence of the insulin assures an initial utiliza- 
tion of the glucose, but once the insulin is expended the curve flattens out. 
Thus, the lack of a steady supply of insulin, gauged to the constantly 
changing needs of the organism seriously impairs the deposition of glycogen 
in the liver and its oxidation in the tissues. The periodic injection of 
insulin repairs this defect only in part; adequate glycogenesis and oxidation 
goes on only periodical!}'-, while the insulin is present. At other times, 
sugar may be piled up in the blood, or, because of the depleted liver 
glycogen, the blood sugar may be inadequate to respond to the sudden 
appearance of insulin in the blood stream. 

The renal threshold for blood sugar may become elevated in depancrea- 
tized patients. In Case 2 blood sugar levels of 200 to 250 mg. per cent would 
be present without glycosuria; the threshold of this patient was variable 
and it seemed to be higher after periods of inadequate control. The renal 
threshold for glucose of Case 3 has been around 200 mg. per cent quite 
consistently during the past two months. 

Hyperthyroidism aggravates the problem of controlling the diabetes of 
the patient without a pancreas. As has already been mentioned. Case 3 
illustrates this point. This patient has had a basal metabolic rate varying 
from plus 30 to plus 59 at least for the past ten months. For the past four 
months her rate has been kept at around plus 30 by the administration of 
150 mg. of propylthiouracil daily. Until now no effort has been made to 
reduce the basal metabolic rate below this level for the following reasons: 
Before her operation (January 31, 1948) a varying schedule of dosages 
with Lugol’s solution and propylthiouracil was tested. She seemed to be 
refractory to Lugol’s solution. Propylthiouracil 50 mg. t.i.d. caused a 
remission of her rate from plus 42 to plus 30. Since she had no other 
evidence of hyperthyroidism than the elcA'ated metabolic rate (in particular, 
no cardiac involvement, no eye signs, no nervous system manifestations) 
and since she had obstructive jaundice of increasing severity, it was thought 
the lesser risk to operate on her rather than to wait until her metabolic 
rate had been further reduced. She stood the operative procedure very 
well and in the immediate postoperative period, upon the whole, her high 
metabolic rate was found to be an advantage rather than a hindrance. Since 
certain investigations had been started and some others planned, and since 
under the circumstances the high metabolic rate was causing no harm, it 
was decided to maintain the rate at plus 30 until the completion of the 
study, at the end of which an attempt will be made to lower it by increasing 
the dosage of propylthiouracil, or, if this should fail, by surgical means. 

STUDIES ON INSULIN WITHDRAWAL 

Several facts urged an inquiry into the behavior of the depancreatized 
patient after insulin withdrawal. There were observations made during the 
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immediate postoperative period that suggested that the depancreatized patient 
did not form ketone bodies as readil}^ as one would have expected. It 
seemed possible that observations during a period of insulin deprivation 
might reveal characteristics in the course of events that might demarcate 
surgical diabetes from diabetes mellitus. It also seemed a practical necessity 


Table V. — Determinations of Blood Hemoglobin and Count, Blood Chemistry, Liver 
Function, Basal Metabolic Rate, Urine Chemistry, and Body Weight Before, 
During and After Insulin Withdrawal. 

Case 3 


Type of 
Determination 


I5MR, % above normal 
Respiratorj' Quotient 
Urine acetone Gm./2*) hr. 
Urine ^-lij’droxybutyric 
acid/24 hr. 

Urine sugar, Gm./24 hr. 

Urine nitrogen Gm./72 hr. 
Urine chlorides (as NaQ.) 

Gra. 24/hr. 

Weight, lbs. 

Hemoglobin, Gm, % 
Erythrocytes, million/cu. mm. 
Leucocytes, thousand/cu. mm. 
Sugar (fasting) mg. 

CO 2 Capacity, vol. % 

NPN, mg. % 

Urea N, mg. % 

Chlorides, 
as NaCl, mg. % 

Sodium, mg. % 

Potassium, mg. % 

Albumin/Globulin, Gm. % 

Acetone, mg. % 

Total Lipids, mg. % 
Cholesterol, mg. % 
Cholesterol Esters, % total 
Icterus index, unit 
Bilirubin, direct, mg. % 
Bilirubin, total, mg. % 
Cephalin cholesterol 
Thymol turbidity, unit 
Thymol flocculation 
Bromsulphalein % ret. /hr. 
Hippuric acid, oral, Gm. 
Lipase, unit 



DA 

y 0 

P OBS 

E R V A T I 0 N 



1 

2 

3 

} 4 

5 

6 

7 

8 

9 

29 

30 

34 

38 

46 

59 

46 

41 

39 

.72 

.72 

.70 

.69 

.68 

,67 

.66 

.69 

.71 

0.005 

0.096 

0.009 

0.477 

1.903 

3.490 

0.579 

0.025 


0.018 

0.126 

0.071 

0.397 

3.771 

7.570 

0.313 

0.056 


40.2 

64.3 

45.3 

180.0 

200.0 

168.7 

116.5 

80.0 



34.79 



41.51 



44.72 





15.1 

11.9 

5.0 

5.6 

4.2 


111 


109 

110}6 


108^6 

10954 

11054 


11.5 

12.4 

12.5 



12.2 

12.0 

12.9 

11.8 

2.76 

4.09 




3.60 


4.20 

3.57 


11.6 

1.3.5 



14.0 

17.1 

11.4 

13,1 

204 


136 

294 

313 

480 

156 

380 

297 

46 

55 

54 

54 

54 

43 

56 

66 

50 





39 





18.0 



18.0 

19.0 

21.9 


21.0 


427 

413 

407 

393 

433 

427 

413 

407 

420 

317 

246 

310 

301 

260 

293 

276 

290 

296 

24 

19 

28 

21 


20 

28 

21 


3.29 


2.42 

3.17 

3.12 

3.02 


3.36 

3.68 

3.04 


4.12 

2.50 

2.60 

2.50 


2.27 

1.74 

1.9 

2.0 

3,3 

3.7 

11.7 

10.8 

4.7 

4.0 

2.4 

915 


865 

685 

714 

892 


756 


279 


259 

164 

300 

228 

183 

185 

152 

53% 


‘f9% 





15 









0.13 









0.39 
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1.2 
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1.5 




to have some knowledge of the margin of safety that these patients possess 
between persistent hyperglycemia and diabetic acidosis, especially since our 
preference is for treatment on the hyperglycemic side. This last considera- 
tion has a special importance in view of the observation that depancreatized 
dogs, once they develop diabetic acidosis, are difficult to bring under control 
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again. For all these reasons, the following experiment was carried out in 
Case 3, starting on the 44th postoperative day. 

After a period of adjustment of 48 hours on a diet consisting of 250 
Gm. of carbohydrates, 150 Gm. of protein and 100 Gm. of fat, daily 
stool and urine specimens were collected for nine days (from the 46th to 
the 54th postoperative day). During tliis time the stool was quantitatively 
analyzed for total nitrogen, fat, fatt}'^ acids and calcium, and the urine 
for total nitrogen, glucose, acetone, /?-h 3 ’^droxybutyric acid and chlorides. 
The nine-day period of observation can be grouped in three three-day 
subdivisions. During the first three-day period insulin was administered in 
the usual amounts to maintain a satisfactory control of the diabetes. During 
the next three-day period insulin was discontinued. During the last three- 
day period insulin was again administered to re-establish diabetic control. 
Throughout the experiment patient was allowed to be up and around in her 
room. Daily determinations of numerous blood chemical constituents and 
of the basal metabolic rate were made; during the 4th, 5th and 6th days 
of observation blood sugar, blood COg capacity and blood acetone bodies 
were measured three times daily, at 7:30 A.M., 4:30 P.M. and 2:00 A.M. 
The results of these studies are shown in Tables V and VIII and in Figures 
5 and 6. 

In evaluating the significance of these findings, it must be pointed out 
that the control of our patient’s diabetes at the beginning of the experiment 
was not as good as we should have liked to have it. During the preliminary 
period she spilled 40.2 to 64.3 Gm. of glucose and 18 to 126 mg. of 
j8-hydroxybutyrIc acid daily. It was impossible, however, to prolong this 
preliminary phase since patient had come from a long distance for a 
strictly defined length of hospitalization and she was unwilling to change 
the arrangement previously agreed upon. 

The clinical effects of insulin deprivation were unexpectedly innocuous. 
During the last 24 hours of the withdrawal of insulin the patient felt 
extremely weak and moderately drowsy, but otherwise was entirely com- 
fortable. Her appetite was good during the first two days and only slightly 
impaired during the last day; her calculated caloric intake during the three 
days, respectively, were as follows: 2246, 2542 and 2334 Calories. Aside 
from an acetone odor of her breath she showed none of the usual clinical 
signs of diabetic acidosis. 

Upon the whole the chemical changes likewise show a degree of acidosis 
that is less marked than one would expect from comparison with clinical 
diabetes. The daily amount of urinary acetone excreted on the last day of 
experiment reached the value of 3.49 Gm.; the amount of j8-hydroxybutyric 
acid excreted during the same time was 7.57 Gm.* The highest blood 
acetone level was 12.9 mg. per cent. In severe diabetes daily urinary acetone 

* Expressed as acetone. 
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bodies have been • reported in the range of 6.0 Gm. for acetone and 100.0 
Gm. for /?-hydroxybutyric acid.^''' Thus, the degree of acidosis of this 
patient after three days of complete deprivation of insulin could be classified 
as moderately severe in terms of clinical diabetes. The significance of this 

TOTAL PANCREATO-DUODENECTOMY 


POST-OPERATIVE OBSERVATIONS DURING INSULIN WITHDRAWAL 
LS .CASC No S2905G 



fact is probably enhanced by the presence of a high metabolic rate in the 
patient. 

The basal metabolic rate during the period of ketosis rose from an 
initial plus 34 to plus 59. The respiratory quotient declined from .73 to .66 
The patient lost two pounds of weight during the experiment. 
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The levels of blood potassium and sodium showed no significant change. 
The other chemical constituents of the blood likewise remained within 
normal limits. The temporary increase in the urinary chloride excretion 
very likely was the result of diuresis. 

The relative mildness of the acidosis was further attested by its relatively 
swift disappearance on treatment. At the completion of 72 hours of insulin 
deprivation a urethral catheter was inserted and urine from the bladder 
was tested every two hours. For Benedict reactions over 2 plus, 20 units of 

Table VI . — Preoperative Nitrogen Balance 
Case 3 


Calculated diet: Carbohydrate 300 Gm., protein 90 Gm., fat 93 Gm. 
Medication: none 


Period ’ 

of Study 

Days 

Urine N 

Gm. 

Stool N 

Gm, 

Total Output 

N Gm. 

Total Intake 

N Gm. 

N Balance 
Gm. 

6 

49.81 

38.78 

88.59 

86.16 

—2.43 


Dai'.y averages: urinary N, 6.46 Gm. ; fecal N, 6.30 Gm. 


regular insulin were administered hypodermically as an initial dose and 
10 units thereafter. No other treatment was given. After the injection of 60 
units of insulin in the course of ten hours, the Benedict reaction showed 
only a trace of glucose, and there was only a trace of acetone in the urine. 
The fasting blood sugar at this time was 151 mg, per cent. The patient con- 
tinued to have a moderate glycosuria for the subsequent 48 hours of observa- 
tion, but the blood and urinary acetone remained near normal levels. 

Six hours after the beginning of the resumption of insulin the patient’s 
drowsiness had cleared. She gradually became more active and in 24 hours 
she was going about her business as usual. She insisted on leaving the 
hospital on schedule, 72 hours after the termination of the period of insulin 
withdrawal. (For this reason her diabetic control could not be completely 
re-established.) 

Concurrently with the investigation of the effects of insulin withdrawal, 
nitrogen balance studies were carried out. The patient was offered a diet 
calculated to consist of 250 Gm. of carbohydrates, ISO Gm. of protein • 
and 100 Gm. of fat. She took the diet well, her intake varying from 2246 
to 2672 Cals, during the nine days. Collection of the specimens was for 
three-day intervals. The nitrogen content of the actual intake was deter- 
mined by analysis. The carbohydrate and fat contents of the ingested food 
were not measured analytically. The patient continued to be given her 
previous medications (pancreatin (U.S.P.) 4.0 Gm., choline chloride 4.0 
Gm., propylthiouracil 0.150 Gm, daily). 

Table VIII shows the results of this study. The significant change 
noted was the increase in both the daily urinary and the daily fecal nitrogen 
excretion. Whereas during a previous nitrogen balance study, during which 
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patient received the same medications including pancreatin, the daily average 
urinary nitrogen was 6.79 Gm. and the daily average fecal nitrogen was 
2.21 Gm. (Table VII), these values rose to 13.44 Gm. and 4.38 Gm., 
respectively, during the period that includes the three days of insulin with- 
drawal as well as the three days preceding it and the three days following 
it. There was an average daily nitrogen deficit of 5.77 Gm. Unfortunately, 
the intake of nitrogen was not determined daily, but was for the total period 
of nine days. Thus, it is not possible to tell precisely the magnitude of 
nitrogen deficit for the three days of insulin deprivation as compared to 
the other two periods. Since, however, the fecal nitrogen loss was very 

Table VII . — Postoperative Nitrogen Balance. 

Case 3 


Calculated diet: Carbohydrate 250 Gm., protein ISO Gm., fat 100 Gm., 
Medication: Pancreatin (U.S.P.) 4.0 Gm./day. 


Period of 
Study * 
Days 

Urine N 

Gm. 

Stool N 

Gm. 

Total Output 

N Gm. 

Total Intake 

N Gm. 

N Balance 

5 

33.96 

11.04 

4S.00 

69.21 

24.21 


Daily averages: Urinary N, 6.79 Gm. ; fecal N, 2.21 Gm. 
■* Nineteenth to twenty-third postoperative days. 


constant from period to period, it is possible to refer to the urinary 
nitrogen as an index of the deficit per period. The urinary nitrogen in the 
three periods was 34.79, 41.51 and 44.72 Gm., respectively. Thus the urinary 
nitrogen loss in the second period was 19.3 per cent and in the third period 
28.5 per cent above that in the first period. The increase in the loss of urinar)^ 
nitrogen may probably be ascribed to the effects of ketosis, largely result- 
ing from the stepped up protein catabolism. The diuresis (up to 4500 cc. 
a day) during the second and third periods was very likely another factor. 
It is not easy to explain the increase in fecal nitrogen. One might suppose 
that the pancreatin dosage, which was small but had previously proved 
adequate, apparently became insufficient during the altered metabolic de- 
mands of the period of observation. Strangely, however, the efficiency of 
fat digestion showed no important deterioration during this time (Table 
IX). 

No significant change was found in the urinary and fecal calcium ex- 
cretion during the same period of observation. 

THE EFFECTS OF THE ABSENCE OF EXTERNAL PANCREATIC SECRETIONS 

SUBSTITUTION THERAPY 

Observations on Fecal Nitrogen and Fat . — Studies of fat and protein 
digestion were made in Case 3. A few scattered observations of some 
interest were gathered in Cases 1 and 2. 

In case 1 there was no quantitative determination of the stool fat and 
nitrogen content before operation. On the eighth postoperative day, patient 
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was placed on pancrcalin (U.S.P.) in the 
dosage of 3.0 Gm. daily. He complained of 
gastric distress following the ingestion of this 
drug and often omitted it. During the third 
postoperative month he had completely stopped 
taking the medication. On a prescribed diet of 
carbohydrates 200 Gm,, protein 120 Gm. and 
fat 60 Gm,, on the 100th and 101st postopera- 
tive days the average daily fecal nitrogen was 
0.8 Gm. and the amount of total fats in the 
stool was 38.7 per cent of the dry weight 
(normal average being 17.5 per cenP’^O* 
Patient had no serious disturbance of bowel 
movements. During the 10th postoperative 
month, after several days of regular pancreatin 
intake in the dosage mentioned, and on a diet 
of carbolij’-drate 300 Gm., protein 135 Gm., 
fat 100 Gm., on three alternate days the per- 
centage by dry weight of the total stool fat 
was as follows: 25.6, 15.3 and 21.9. 

Preoperative quantitative data on the stool 
fat and nitrogen are lacking also in Case 2. 
On the 20th, 21st and 22nd postoperative days 
the stool was .collected and analyzed quantita- 
tive!)'^ for nitrogen and fat; the nitrogen con- 
tent of the urine excreted during this time was 
also determined; the prescribed diet contained 
250 Gm. of carbohydrate, 120 Gm. of protein, 
and 70 Gm. of fat. At this time patient was 
receiving 75 Gm. of pancreatin (U.S.P.) 
daily. The amount of total fat in the stool on 
the tliree days was 28, 19 and 22.4 per cent of 
dry weight respectively ; the average daily fecal 
nitrogen was 0.93 Gm. and the daily urinary 
nitrogen 6.05 Gm. 

The meaning of such random data is 
doubtful. The nitrogen determinations on the 
stool and urine without a knowledge of the 
true intake and after such short collections 
must be disregarded. Some remarks should be 
made, however, in connection with the values 
for stool fat. In Case 1 it is surprising to find 
a stool fat content very near the normal range 
on an ingestion of pancreatin as low as the 
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eqitivalenl of 3,0 Gm. of U.S.P. pancrcalin. It is also noteworthy that the 
same patient had no serious dian-hca when his stool contained 38.7 per cent 
of fat by dry weight. The very large does of pancreatin was prescribed in 
Case 2 in an attempt to control patient’s annoying frequency of bowel move- 
ments, the rather hasty assumption having been made that this was due to in- 
complete digestion of the dietary fat. Quantitative analysis of the stool 
disclosed that total fats were in the upper range of normal values. Even- 
tually the dosage of pancreatin was reduced and the diarrhea controlled 
by conventional means of treatment. This observation, namely that fre- 
quent loose stools after total pancreatectomy may be due to causes unre- 
lated to the absence of pancreatic enz3mies, was made also in Case 3. 

Table IX. — Postoperative Fat Content of Stool 
Case 3 

Va'cutated Diet: Carbohydrate 250 Gm. ; protein 150 Gm. ; fat 100 Gm. — Medication: Pancreatin 
(U.S.P.) 4.0 Gm./day 


P.O. Day 

Wet Wt. 
of Stool 

Gm. 

Wt. of 

Stool Fat 

Gm. 

Fat Gm. 
per 100 Gm. 
Dry Stool 

Wt. of 
Fatty Acids 
(jm. 

Fatty Acids Gm. 
per 1 00 Gm, Fat 

46 

380 

39.4 

34.8 

31.9 

81 

47 

521 

43.7 

30.5 

35.9 

82 

48 

196 

19.2 

32.6 

15.7 

81 

50 

472 

14.0 

11.6 

9.5 

67 

52 

504 

15.7 

12.2 

10.0 

64 

53 

284 

11.5 

12.5 

7.6 

66 

54 

349 

15.0 

13.5 

9.4 

63 


Average daily fecal fat: 22.6 Gm. (21 per cent of dry wt.) 

Average daily fecal fatty acids: 17.1 Gm. (75.7 per cent of fat) 

Remark; Average preoperativc fat content of stool on a diet containing about 90 Gm. of fat, and 
without medication (48 hr. collection) : 52.3 per cent of dry wt. of feces. 


(In neither case, however, did the stool have the characteristics of stea- 
torrhea.) 

It should be pointed out that the pancreatin preparations used in the 
above cases, as well as in the studies to be described, were not uniform. 
All dosages are expressed in terms of U. S. P. pancreatin, the claims of 
potency by the manufacturer being used as basis for transcribing the values. 

More systematic investigations regarding protein and fat digestion and 
absorption were carried out in Case 3. 

Ten days before the date of operation, a six-day nitrogen balance 
study was begun. In this as in the following studies the collections of 
stool and urine as well as the samples and refused portions of the diet 
were pooled for three-day (rarely, two-day) periods. The beginning 
and end of each period was designated by charcoal and carmine mark- 
ers. The calculated diet contained 300 Gm. of carbohydrate, 90 Gm. of 
protein and 93 Gin. of fat daily. No medication was given. The results of this 
study are shown in Table VI. The average daily fecal nitrogen was high, 
representing 39.4 per cent of the daily nitrogen intake. As shown by enzyme 
studies of the duodenal contents this patient had a complete obstruction of 
the main pancreatic duct preoperatively. The insufficiency of protein digestion 
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^Yas, therefore, to be expected. Determination of tlie fat content of the stool 
after a 48 hour collection, 14 days before operation showed a total fat value of 
52.3 per cent of dry weight on a diet containing about 90 Gm. of fat. 
Thus, the fat digestion was similarl}!^ impaired. (As will be recalled, one 
of patient’s important preoperative complaints was a severe persistent 
diarrhea consisting of bulky, soft or liquid stools.) 

Patient began taking food by mouth on the fourth postoperative day. 
After a trial with several brands and dosage schemes of pancreatin, 
the preparation “pantcric granules” (Parke, Davis and Co.) was selected 
in a dosage equivalent to 4.0 Gm. of U. S. P. pancreatin daily. This 
amount was selected empirically. It was well tolerated and although it 
appeared very small, during its early administration patient’s stools were 
of normal appearance and size. 

On the 19th to 23rd postoperative days a five-day nitrogen balance study 
was undertaken in order to ascertain whether the dosage of pancreatin 
administered was in fact adequate. The data obtained are listed in Table 
VII. It is evident that patient was in positive nitrogen balance and that the 
daily stool nitrogen was not above the normal average. Patient was dis- 
charged on the same diet and same dosage of pancreatin on the 25th post- 
operative day. , 

She was readmitted on the 44th postoperative day for further investi- 
gations. In conjunction with studies on carbohydrate metabolism, nitrogen 
balance studies were also carried out. The results and the significance of 
the data so obtained have already been dealt with. Some further comment 
may be made on the study of the loss of fecal fat during this period, re- 
ferred to in the same paragraph (Table IX). This was not a true balance 
study since the intake of fat was not quantitatively determined. The trend 
of the findings is definite enough and the number of determinations suf- 
ficiently large, however, to permit the conclusion that fat digestion at this 
time was essentially normal. The behavior of fecal calcium, showing no 
excessive loss, would also confirm this. The high percentage of fatty acids 
in the lipid mixture may be interpreted as another evidence of efficient fat- 
splitting in the Intestinal tract. (However, the significance of the neutral 
fat/fatty acid ratio has been questioned.) Nevertheless, In order to avoid 
any possibility of underdosage at the end of the experiment the amount 
of pancreatin given was raised to 8.0 Gms. daily (2.0 Gm. with each one 
of four meals) ; patient was dismissed on this dosage, with her diet as before. 

On this regimen and medication she gained eight pounds in four weeks 
after her return home ; she has remained free from diarrhea, and has been 
in excellent general health. 

Oui studies have not determined the optimum dosage of substitution 
therapy for the total lack of pancreatic enzymes. They suggest, however, 
that the large doses of pancreatin that are at times recommended^® are prob- 
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ably unnecessary. They furlher seem to show that the appearance of diarrhea 
in the absence of pancreatic enzymes is dependent on the amount of undi- 
gested fat rather than on the loss of nitrogenous substances in the stool. 
Moreover, an increased loss of nitrogen in the stool may seemingly take 
place in the presence of relatively normal fat digestion. 

POSTOPERATIVE AMYLASE AND LIPASE CONTENT OF BLOOD 

It was an interesting finding that, as judged by the conventional meth- 
ods of determination, lipase and amylase do not completely disappear from 
the blood stream for many weeks after total pancreatectomy. Amylase 
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Fig. 7. — Changes in blood lipids and icterus index in a case of normal 
postoperative recovery. (Case 3.) 


was detectable forty weeks postoperatively in case 1 (Table II). Exam- 
ination in the 13th postoperative week revealed the presence of blood lipase 
in Case 3. 


LIPID METABOLISM 

THE QUESTION OF LIPOTROPIC FACTOR 

In order to prevent changes in the liver that, on the analogy of animal 
experiments,^® were expected to take place in the depancreatized human, the 
administration of choline chloride was begun soon after operation in daily 
doses of 3 to 4 Gms. in Cases 2 and 3. Case 1 reecived no choline chloride 
Or other lipotropic substance. For the last month of observation the drug 
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was also discontinued in Case 3. Wlien the liver was examined at autopsy 
ill Case 1 after 14 months of survival, it was found to show no evi- 
dence of parenchymal change. Liver function tests before death likewise 
failed to show impairment (Table II). In Case 3 liver function tests, in 
particular the bromosulphophthalein test, revealed no deterioration during 
the short period of deprivation of choline (Table IV). 

Both these patients received pancreatin daily (Case 1 only intermit- 
tently), and pancreatin contains choline. The daily preventive dose of 
choline, however, is calculated as d-S Gm., and the choline content of 
the pancreatin used was only 8.28 mg./Gm.^° Thus pancreatin could not 
have served as a source of the allegedly needed choline. 

From the findings in the two cases mentioned it appears that a lipo- 
tropic pancreatic substance either is unnecessary for lipid metabolism in 
the human, or, if it is required, it is supplied in the average diet in suffi- 
cient quantity. It seems superfluous to provide the lipotropic factor in the 
form of medication. 

With reference to lipid metabolism in the depancreatized patient, the 
trends m blood lipid levels ma}^ also be briefly mentioned. Unfortunately 
the amount of total blood lipids was not preoperatively determined in any of 
the cases. In Case 1 postoperative total lipids and cholesterol were measured 
rather frequentI)^ (Table II shows some of the values.) During the first three 
postoperative weeks the amount of total lipids ranged between a low of 
563 mg. per cent and a high of 709 mg. per cent ; no cholesteral determina- 
tions were made during this time. During the fifteenth postoperative week 
the ranges of total blood fats and total cholesterol were as follows: lipids, 
528-525 mg. per cent, total cholesterol, 107-128 mg. per cent; during the 
fortieth postoperative week the total lipids were 390 mg. There were no 
further determinations. In Case 2 we have only the following values : Pre- 
operative total cholesterol, 276 mg. per cent; eighth postoperative week, 
total lipids, 390 mg. per cent; twelfth postoperative week, total lipids, 420 
mg. per cent. In Case 3 the levels were as follows: preoperative total cho- 
lesterol 980 and 946 mg. per cent ( 10 per cent being ester) ; during the first 
three postoperative weeks the total cholesterol steadily decreased from 450 to 
200 mg. per cent ; the esters rose from 10 per cent to 40 per cent of the total 
cholesterol ; — ^there was no preoperative total lipid determination made ; on the 
first postoperative day the total blood lipids were 1020 mg. per cent and during 
the first three weeks after operation they dropped to 613 mg. per cent; in the 
seventh postoperative week, total cholesterol was 235-279 mg. per cent (esters 
43-53 per cent) ; total lipids, 694-915 mg. per cent. The values for the period 
of study with insulin withdrawal are listed in Table V. The blood levels 
during the thirteenth week were: cholesterol 210 mg. per cent (esters 
43 per cent), total lipids 593 mg. per cent (last determinations). 
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These data are not complete enough to allow definite conclusions. They 
do show, however, some suggestive trends in Cases 1 and 2. In case 1 
observations over the space of 40 weeks reveal a fairly consistent decline 
in the total lipids, and to a less extent in the total cholesterol. The very 
few determinations in case 2 would seem to follow the same direction. No 
such trend is noted in case 3 ; the cholesterol and total fat values did de- 
cline in the immediate postoperative period, but this change was merely 
a return from a very high preoperative level to a more nearly normal 
range (Fig. 7). There was a definite increase in the lipids during the 
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Fig. 8. — Changes in blood lipids and icterus index in a fatal case. 


intertial of insulin withdrawal and the presence of ketosis, but the most 
recent determinations were again normal. 

Another observation on lipid metabolism should perhaps be recorded al- 
though it was made in a case not included in the present study. This patient 
died 18 days after total pancreatoduodenectomy for carcinoma of the pan- 
creas. The cause of death, verified by autopsy, was hepatic insufficiency 
due to very advanced fatty degeneration- of the liver. The patient’s blood 
lipids became markedl}'^ elevated postoperatively and remained high until 
death (Fig. 8). In the same patient the icterus index also failed to return 
to normal although there was no mechanical obstruction to the flow of bile 
from tlie common duct into the jejunum. Identical observations opi, the 
behavior of tlie icterus index in at least two more cases of total pancreatec- 
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tomy have made us regard the icterus index as a good measure of the 
functional stale of tlie liver in the immediate postoperative period; in the 
presence of a fundioning cholcdoclial stoma a rising index after the first 
three postoperative days suggests a failing liver. Whereas, in the case de- 
scribed above the hepatic failure was associated with fatty parenchymatous 
degeneration of the organ, in one of the other two cases such an associa- 
tion was not present, and in the third case autopsy was not done, and thus 
no conclusive evidence of the prescnccc or absence of such changes could 
be had. Nor can we be certain that the fatty degeneration of the liver in 
tile case in question was ctiologicall}' linked with the interruption of the 
normal physiological function of the pancreas by the operation. 


SUMMARY 

After the presentation of short resumes of the clinical histories of three 
cases of total pancreatoduodenectomy, two of wliom survived the opera- 
tion for three and 14 months respectively, and one of whom is living and 
well four months after operation, observations are described on the early 
and late changes in the carbohydrate metabolism, on the alterations in the 
fat and protein digestion and absorption, and on the trends and signifi- 
cance of the blood levels of pancreatic enzymes, lipids and bilirubin in 
the dcpancreatizcd patient. The effects of the withdrawal for 72 hours of 
insulin in such a patient are reported. 


CONCLUSIONS 

(1) . In the experience of the authors, the characteristics of the dia- 
betes in patients after total pancreatectomy are (a) a relatively low insulin 
requirement (20-60 daily units) ; (b) a sensitivity to insulin, and (c) fre- 
quent and often unpredictable fluctuations in the bood sugar level. 

(2) , Because of these characteristics, the safe way of controlling the 
diabetes is to maintain the fasting blood glucose level on the hyperglycemic 
side (150 -j- mg, per cent). 

(3) . The ketosis that developed in a depancreatized patient after a 72- 
hour period of deprivation of insulin was comparable to a moderately 
severe ketosis in diabetes mellitus. 

(4) . An elevated basal metabolic rate renders the control of total sur- 
gical diabetes more difficult. 

(5) . There are suggestive evidences that the pathophysiology of total 
surgical diabetes is not identical with diabetes mellitus as understood in 
terms of the conventional clinical type. 

(6) . The means available to correct the consequences of the absence of the 
external pancreatic secretion are effective. The dosage of pancreatin recom- 
mended in the past for substitution therapy is probably high. Six to 8.0 
Gm. of pancreatin (U.S.P.) daily in the cases observed was sufficient to 
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assure satisfactory fat digestion, and to maintain a normal state of nutri- 
tion and, in one instance, a positive nitrogen balance. 

(7) . Lipase and amylase are demonstrable in the blood stream for long 
periods of time after total pancreatectom3^ 

(8) . No evidence of a deficiency of the lipotropic pancreatic factor 
was noted on a maintenance diet of high protein and average carbohydrate 
and fat content. 

(9) . No characteristic trends were observed in the changes of blood 
lipid values. 

Note: The authors are greatly indebted to Dr. Oliver H. Gaebler, for his valu- 
able and generous help with many of the problems of this sludi^ 
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Discussion*. — Dr. Laurence S. Fallis, Detroit (closing) : I have only one or 
two observations of practical importance to make. First, I should like to comment 
on the value of pancreatic enzyme studies preoperatively. We have found that the 
absence or marked reduction of pancreatic enzymes in the duodenal drainage, as 
described by Whipi)le and bis associates, in conjunction with evidence of obstructive 
jaundice is strongly suggestive of carcinoma at the head of the pancreas. In six of 
eight cases recentlj' observed, the impression gained was of help in establishing the 
differentia! diagnosis. There is also no doubt that the control of diabetes in these 
patients on the hyperglycemic side is bj'^ far tbe safer procedure. The objection may 
be raised that a long-continued hyperglycemic state hastens the degenerative changes 
so often obserx-ed in chronic diabetes, but of course none of these patients has 
survived over a sufficient period to prove or disprove that point. I should like to 
mention also that in the control of surgical diabetes the use of protamine zinc insulin has 
been of considerable advantage. Its long-lasting action more nearly approaches the even 
How of the secretory mechanism of island tissue. But it still lacks the moment-to- 
moment adjustment that is so often necessary, and we have observed that even 
with protamine zinc insulin, control is difficult because of the unusually high insulin 
sensitivity. 
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A SIMPLE COLORIMETRIC method for the determination of amylase was 
devised because of the great importance of assays of this enzyme in clinical 
medicine and physiology. The significance of amylase in surgery has been 
abundantly demonstrated. Curiously, the conditions governing the determina- 
tion of the activity of amylase have not been studied systematically, so that 
previous amylase methods have necessarily been more or less empirical and 
haphazard. The kinetics of this enzyme were examined critically by us and 
the results are included in this paper. 

All methods for determining amylase have rested on one of three prin- 
ciples, the iodometric, saccharogenic or viscosmetric. 

The iodometric principle was first advanced in quantitative form by 
Wohlgemuth in 1908.^ Amylase activity was expressed in terms of the time 
required for a given enzyme sample to render a starch substrate colorless to 
iodine. Many modifications, based on this principle, have been used"'® in an 
effort to reduce the subjective factor in color estimation. Since an excess of 
substrate must be present for optimal enzyme activity, an end-point which 
calls for total disappearance of the substrate is completely unsatisfactory. 
Most of the adaptations of this principle have, therefore, sought an end-point 
short of complete decolorization such as the point where the red color due to 
erythrodextrins takes the place of the blue of starch.* Redfern® introduced 
a glass color standard for comparison with starch-iodine colors before the 
achromic point is reached, but the technic is crude. The error of subjective 
color estimation has been the most important limitation of the iodometric 
principle. 

The saccharogenic principle, now widely used,^- ® is based on measure- 
ment of the reducing groups produced by the hydrolysis of starch. Thus, 
by measuring the reducing power of the enzyme-substrate mixture before 
and after incubation one obtains a measure of enzyme activity. Reduction 
is measured by a copper method such as that of Shaffer and Somogyi® and 
results are expressed in terms of milligrams of glucose liberated. The ac- 
curacy of these methods is limited to materials in which initial reducing 
power is low. High blanks necessarily occur in diabetic urine and blood. 
Moreover, the preparation of the substrate in the valuable method of 
Somog)d* is inconvenient. 

The viscosimetric principle, described by Davison,*® depends upon the 
decrease in viscosity of the starch substrate as the average molecular size is 

* This work was supported b}" grants from the American Cancer Society recom- 
mended by the Committee on Growth of the National Research Council and from Mr. 
Ben May, Mobile, Alabama. 

t Bead before the American Surgical Association, Quebec, Canada, May 27 , 1948. 
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reduced by hydrolysis. \'''iscosity measurements are made in an Ostwald 
viscosimeter, the time required to reduce the viscosity by 20 per cent being 
taken as an expression of enzyme activity.^ lilinan and McCaughan” 
recommend this principle as the only means of measuring the full range of 
hydrolysis rather than the disappearance, of substrate or the production of 
end products alone. 'I'he following sources of error are inherent in this 
method ; the time of incubation is necessarily variable since viscosity change 
docs not bear a linear relation to time; there is an initial change in viscosity 
which occurs with addition of the enzyme sample; further, the viscosity of 
the enzyme docs not change during incubation.^- Comparisons of the avail- 
able methods have been made bv several authors.'^’ 


TIIMOKV OF THE ArETIIOD 

Colorimetric methods are well suited to use in quantitative enzyme assays. 
If either the substrate or one of the reaction products is colored it may be 
measured directly in the photoelectric colorimeter. Also, reagents may be 
added to produce color with the substrate or a reaction product. 

The blue color of the starch-iodine complex affords an opportunity to 
apply the second of these colorimetric procedures. Its depth with an excess 
of iodine was found by us to be strictly proportional to the amount of starch 
present. 

A plot of the logarithm of the colorimeter reading against tlie aritlimetic 
concentration of starch in the presence of a constant amount of iodine gives 
a straight line. By using this curve as a reference standard one may readily 
determine the amount of starch present in an unknown sample to within 
0.02 mg. 

Up to 4 mg, of starch with 4 ml. of 0.01 N iodine reagent will give colors 
which when diluted to 100 ml. can be conveniently read in the Evelyn photo- 
electric colorimeter, an instrument used in all of our work. A 660 millimicron 
filter eliminates all extraneous color such as that due to the excess iodine and 
to the dextrins formed in amylolytic hydrolysis. In this range a 100 per cent 
change in iodine concentration has only a slight effect on the color. In this 
way, measurement of the color given with iodine by aliquot samples of the 
starch-enzyme mixture before and after incubation permits enzyme activity 
to be expressed in terms of milligrams of substrate hydrolyzed. 

Starches. The source and method of preparation of the starch influence 
its solubility, the stability of solutions, the initial reducing power, and the 
viscosity, as well as susceptibility to enzymatic hydrolysis. 

We have found that high-grade potato starches are very soluble and 
uniform. Clear solutions give more intense colors with iodine per weight 
than any other starch examined and are of low viscosity, suggesting that 
this starch is composed of coniparatively long, unbranched molecules. A 
soluble starch was, therefore, used throughout. 

The Starch-Iodine Color. At neutrality the starch-iodine color is stable 
for many hours both in the dark and the light. We have confirmed the 
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finding of Swanson^^ that it gives a single peak absorption curve in the 
Beckman spectrophotometer having its maximum at 590 mu. The color 
disappears at alkaline pH values probabl}'’ because the iodine is displaced 
from the starch molecule by hydroxyl ions. Dialysis of the complex removes 
the iodine completely in a few minutes, color being restored on addition of 
more iodine which is evidence that the bond between starch and iodine is a 
loose one. 


KINETICS OF STARCH HYDROLYSIS BY AMYLASE 

The kinetics of starch hydrolysis by amylase were investigated in order 
to outline proper conditions for an assay procedure. Fresh human urine was 
the source of enzyme. 



Effect of Substrate Concentration. A plot of substrate concentration 
against reaction velocity yields a typical curve (Fig. 1) showing that 
maximum velocity, or saturation of the enzyme with substrate, was reached 
at about 45 mg. per 10 ml. We therefore chose a substrate concentration 
of 80 mg. per 10 ml. for all subsequent work. In this range change in sub- 
strate concentration has a minimal effect on the velocity. 

A quantitative expression of enzyme-substrate affinity which helps to 
characterize enzyme systems is afforded by the Michaelis and Menten con- 
stant, most accurately found by plots of the reaction velocity with varying 
substrate concentrations according to the method of Lineweaver and Burk^“ 
(Fig. 2). Values for starch cannot be expressed in terms of molecular 
weight and so have been expressed in terms of milligrams per 10 ml. The 
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Micliaelis and Menlen constant for llie starch employed by us, using a single 
enzyme concentration, was 7.14 mg. per 10 ml. This agrees well with the 
value of 7.9 mg. per 10 ml. found by Hanes^® who used a saccharogenic 
method. 

Effect of Enzyme Concentration. A linear relation between enzyme con- 
centration and rate of h 3 fdrol 3 '’sis is the most important prerequisite of any 
enz 3 rme assay. Although the change in starch-iodine color is theoretically 
produced b 3 '^ oi^ the initial steps in starch hydrolysis, this linear relation 
(Fig. 3) proves it to be an adequate measure of enz 3 ane concentration. ^ 
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S {MILLIGRAMS STARCH PER 10 ML) 

Fig. 2. — Data from Fig. 1 plotted according to Lineweaver and Burk. Substrate 
concentration, S, in mg. per 10 ml., is plotted against S divided by the velocity of 
hydrolysis, v, expressed as milligram of starch hydrolyzed per hour. From the in- 
tercept and slope of this curve the Michaelis and Menten constant was calculated to 
be 7.14 mg./ml. 

Effect of Time. The time course of hydrolysis (Fig. 4) is linear, equal 
amounts of starch being hydrolyzed in equal times until the enzyme is no 
longer saturated with respect to substrate. The prediction from Figure 3 
that the limit of saturation will be reached when about 35 mg, of the 80 mg. 
of starch is hydrolyzed is confirmed experimentally by the sharp decrease in 
velocity at this point. For this reason enzyme preparations are diluted so 
that not more than 35 mg. (44%) of the starch will be hydrolyzed in the 
allotted time. KjeldahP^ advised a 40 per cent limit of hydrolysis and Evans, 
30 percent. 
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pH Opthmm. With some variation previous workers have found the pH 
optimum for amylase to be around neutrality.""'"'’”"' At 37“ C. we find the 
optimum to be at pH 7.4 (Fig. 5). Amylase, therefore, appears to be one 
of the few enzymes commonly found in the serum which exerts maximum 
activity at precisely the normal pH of blood. 

Effect of Temperature, Roberts" found a flat range from 30 to 35° C. for 
the optimum of amylase activity. Kjeldahl"' reported an optimum tempera- 
tui'e of 48° C. and O’Donovair' described a “marked reduction” in activity 
after the enzyme was heated to 58° C. for 30 minutes. The temperature- 



ENZYME DILUTION (PER CENT) MINUTES 


Fig. 3.— Effect of enzyme concentra- Fig. 4.— Time course of hydrolysis, 

tion on the rate of hj'drolysis. The velocity decreases when the enzyme 

is no longer saturated with substrate. 

activity curve, determined by our method (Fig. 6), puts the optimum tem- 
perature at 55° C. 

Activators and Inhibitors. Activation of amylase by chloride ion has been 
observed by several investigators.®' 

The activity of dialyzed saliva is increased 3.8 times with sodium chloride 
in 3.42 millimolar final concentration. We have tested no smaller concentra- 
tions ; however, the effect of increasing concentrations of sodium chloride is 
shown in Table 1. Wohlgemuth®® observed activation in as low concentrations 
as 0.16 millimoles per liter (0.00097 per cent). The normal blood salt con- 
centration of 105 millimoles per liter makes addition of salt unnecessary in 
an assay of undiluted sera. With dilution, however, we have found that the 
activity of serum falls off more than the calculated amount because of the 
fall in concentration of the chloride ion activator. 

Enzyme samples with activity greater than that required to hydrolyze 
35 mg. of starch per ml. of enzyme per hour must be diluted. To preserve 
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maximum activit}’- dilution is performed with 0.9 per cent sodium chloride. 

Activation of amylase by other substances, such as whole blood and tissue 
extracts, has been studied by 'Wohlgcmuth^^ and O’Donovan.^^ This activity 
has been at least parti}'’ traced to proteins and amino acids by Rockwood^^ 
who also was the first to quantitatively determine the inhibiting effect of 
fluoride ion.”" We have made use of the fluoride effect to inhibit the enzyme 
at tlie end of the incubation period, since acid inhibition precipitates the 
proteins in the enzyme sample carrying some color out of solution. A com- 
bination of fluoride ion inactivation, reduction to room temperature, and 
dilution arc sufficient to stop the reaction. Fluoride ion is included in the 
Iodine Reagent described below. 


Table I 

Effect of Sodium Chloride Concentration on 
Amylase Activity of Dialyzed Saliva 

Final Concentration Relative Amylase 

of Sodium Chloride Activity in Percent 

Millimoles Percent 
per liter 


0 

0 

26.4 

0.00342 

0.02 

100.0 

0.00684 

0.04 

99.0 

0.01710 

0.10 

83.2 

0.03420 

0.20 

85.4 

0.06840 

0.40 

85.8 

0.13680 

0.80 

59.8 

0.25650 

1.50 

76.2 

0.42750 

2.50 

48.0 

0.85500 

5.00 

42.1 

1.71000 

10.00 

14.1 


METHOD 



Reagents 

Starch solution. A 2% stock solution is freshly prepared for each 
series of determinations. Weigh approximately 2 gm. of starch* in a 100 ml. 
beaker and suspend this starch in about 25 ml. of distilled water. Bring 
about 60 ml. of distilled water to a boil, pour rapidly into the starch sus- 
pension and transfer the contents quantitatively to a 100 ml. volumetric flask 
using hot water for washing. On cooling make the flask to volume with 
distilled water. This procedure yields 100 ml. of a 2^ starch solution which 
is dissolved and almost water clear. 

The starch which we have found most valuable is Takamine Soluble Starch 
laanufactured by Takamine Laboratories, Clifton, New Jersey. 
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Iodine Reagent. This is a solution of 0.01 Normal Iodine containing 
Potassium Iodide (0.3%) and Potassium Fluoride (5%). Weigh 13 Gm. of 
Iodine into a weighing bottle. Dissolve, according to the method described 
by Van Slyke/^ about 30 Gm. of pure potassium iodide in about 250 ml. of 
water and transfer the iodine quantitative!}’- from the weighing bottle to a 
1 liter volumetric flask washing with the iodide solution. Add the remainder 
of the iodide solution to the liter flask and dilute the contents to the mark. 
This 0.1 V stock solution is standardized b}’^ titration with a standard sodium 



Fig. 5. — Effect of pH on the rate of 
starch hydrolysis by amylase. Activity is 
expressed in terms of per cent of the 
maximum. 


thiosulfate solution using a starch 
indicator ; a deviation of 0.005 N is 
permitted. To make the final iodine 
solution 50 Gm. of potassium fluor- 
ide is weighed out and added to a 
1000 ml. flask containing 100 ml. 
of the stock iodine solution and the 
contents diluted to the mark. 

This reagent is kept in a cool 
place in the dark or in a darkened 
bottle. Slow loss of iodine will oc- 
cur but is not noticeable by titration 
with sodium thiosulfate for 3-4 
weeks. If few determinations are 
to be made, it should be prepared in 
smaller quantities. 

Phosphate Buffer. 0.04 M Sor- 
ensen’s phosphate buffer, pH 7. 
Dissolve 3.471 Gm. anhydrous 
Na,HP 04 and 2.118 Gm. KH„PO., 
in 1 liter of water. 


The Standard Starch-Iodine Curve. Into each of a series of 100 ml. flasks 
containing 4 ml, of the iodine reagent is delivered progressive amounts of 
starch from 0.1 to 4.0 mg. Each flask is made to the mark and a sample of 
the contents is read in the Evelyn colorimeter in standard colorimeter tubes 
with a 660 millimicron filter. 

The colorimeter readings plotted logarithmically against starch content 
will give a straight line which is used as the standard curve in all determina- 
tions. The concentration of the starch solution is checked daily before each 
test: Dilute 1 ml. of freshly prepared starch reagent to 100 ml. and compare 
the colorimeter reading of 5 ml. of this diluted starch in a 100 ml. volumetric 
flask containing 4 ml. of iodine reagent with the standard curve correspond- 
ing to 1 mg. 

The Assay Procedure. Determinations are done in duplicate, tubes being 
incubated at 37° C. for one hour. For each sample to be assayed deliver 5 ml. 
of phosphate buffer and 4 ml. of starch solution into rimless test tubes and 
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stopper. For each tube prepare two 100 ml. flasks, each containing 4 ml. of 
the iodine reagent. Bring the test tubes to constant temperature in a stirred 
thermostatic bath at 37° C. Add 1 ml. of enzyme solution, appropriately 
diluted, from a blowout pipette to each tube; restopper the tube and invert 
to mix. Then immediately remove 0.5 ml. and transfer to one of the volu- 
metric flasks ; swirl the contents to assure maximal inactivation of the enzyme 
by fluoride ion. 

Another 0.5 ml. sample is taken after one hour of incubation and treated 



TEMPERATURE -»2C 

Fig, 6 . — Effect of temperature on amylolytic hydrolysis. 

similarly. The contents of the flasks are diluted to the mark with distilled 
water and an appropriate quantity is transferred to colorimeter tubes and 
read in a colorimeter with a 660 mu filter. 

From the standard curve the amount of starch present in the aliquot 
removed before and after incubation is found. The initial aliquot is 1/20 
of the total incubating volume and the final 1/19. Therefore, to find the 
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changes of total starch present in the incubating tube the initial figure is 
multiplied by 20 and the final by 19. 

Results are expressed as units. One unit is that amount of enzyme which 
hydrolyzes 1 mg. of starch in 1 hour at 37° and pH7 in phosphate buffer 
provided that not more than 44% of the starch is hydrolyzed. In this paper 
units are expressed per 1 ml. of enzyme. Preparations of low activity may 
be incubated longer and a corresponding factor employed. Strong prepara- 
tions with activity above 35 units must be appropriately diluted with 0.9 
per cent sodium chloride as described above. 

RESULTS 

Normal Values. It has been reported^^ that normal human serum amylase 
levels vary as much as 200 per cent from one individual to another. 

In a series of 50 normal persons values by the present method ranged 
from 9.2 to 34.9 units. The average of these figures was 18 units; standard 
deviation ±5.32. No variations with sex or age were found. Multiple 
analyses of a given individual, examined at different times, gave more con- 
stant results, usually remaining within 10 units of one another. 

Random urine samples varied in activity from 24.3 to 76.2 units with an 
average of 52.8. Dehydration, by limiting fluid intake, causes a rise in 
urinary amylase concentration which closely parallels the rise in urine specific 
gravity. Diuresis has the reverse eflfect. The dependence of amylase excre- 
tion on renal function has been repeatedly demonstrated. 25 , 28 , ss, ss q^j. 
limited experience with nephritic specimens supports the findings of these 
authors, that amylase activity is increased in the serum and decreased in the 
urine with decreased renal function. 

Serum amylase levels were studied more thoroughly in one specific 
disease, diabetes mellitus. Much work has been reported on this subject 
using all amylase methods. Opinion has extended from that of Myers and 
Killian^ who observed a significant increase in the serum, to that of Somogjd^^ 
who found a decrease in 33.4% of 382 diabetic sera to a level equalled by 
only 4.1% of a similar normal group. With our method we have been able 
to confirm the observation of Somogyi that the amylase values in diabetes 
mellitus are usually abnormally low. Thirty-six diabetic sera had an average 
activity, of 13.8 units with a standard deviation of ±3.61. 

SUMMARY 

A simple accurate colorimetric method for the determination of amylase 
is described and the kinetics of starch hydrolysis by amylase as measured by 
this method are presented. The finding of a reduction in serum amylase in 
diabetes has been confirmed as an example of an application of this tech- 
nic. 
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SURGICAL EXPERIENCES WITH EXTRAMEDULLARY TUMORS 

OF THE SPINAL CORD^ 

Francis C. Grant, M.D 

PniLADELPIIIA, PeNNA. 

The prognosis following surgery in certain types of tumors of the 
spinal cord may be excellent. Those tumors in which the predominating 
cell type is a fibroblast, the meningiomas and fibroblastomas, do not invade 
the substance of the cord. Being attached to the adjacent meninges, they 
affect the cord by compression only. If they can be removed together with 
their attachments to the dura, arachnoid, or adjacent nerve sheaths, recur- 
rence does not take place. And if surgical extirpation can be accomplished 
before irreversible damage has been done to the cord, impaired function will 
return to a remarkable degree. It is with this group of tumors, the intradural, 
extramedullary, fibroblastic tumors, their diagnosis, localization, and the 
results of surgical removal that this communication deals. 

Since 1924, 108 tumors of this type have been recorded in the Neuro- 
surgical Service of the University and Postgraduate Hospitals of the Uni- 
versity of Pennsylvania and have been followed in the Tumor Clinic a 
sufficient length of time to warrant inclusion in this report. Of these 108 
tumors, 78 were found in females, 30 in males, an unexpectedly high inci- 
dence of this type of tumor in women. The average age was 45.3 years, 
the youngest 10, the oldest 78. Twenty-four of these cases were in the 
cervical area of the cord, 70 in the thoracic, 6 in the lumbar cord, and 8 
involved the cauda equina. In 10 cases the tumor showed an extradural 
extension, nine cases being situated in the cervical area and one in the high 
thoracic region. The completeness with which such tumors can be removed 
is shown by the fact that of the nine cases known to have died since opera- 
tion, only two died of a recurrence. In three instances a recurrence was 
suspected but reexploration showed a damaged cord, and adhesive arach- 
nitis, but no further evidence of the original tumor. In this group of 108 
cases, 44 complete cures can be reported. Tables I, II, HI, and IV should 
be consulted. In view of the rarity of recurrence after complete removal, 
these total recoveries can be considered permanent. 

Originally the diagnosis and localization of spinal cord tumors was 
accomplished on the basis of neurologic findings alone, but since the intro- 
duction of lipiodol and other oils opaque to the roentgen ray, their injec- 
tion has replaced careful and repeated neurologic studies for the deter- 
mination of the level of the lesion. From the neurologic and neurophysiologic 
standpoint, this is to be regretted. Not only does this method eliminate 
much of the intellectual pleasure involved in reaching a diagnosis by neuro- 
logic methods alone, but also important neurophysiologic information is 

* Read before the American Surgical Association, Quebec, Canada, May 27, 1948. 

679 



FRANCIS C. GRANT 


Annals of SurRcry 
October, 1048 


Table I 

Spinal Cord Tumors 
Intradural Extramedullary 
lOS Cases 
Males 30 

29 white — 1 colored 
Females 78 
Average Age 45.3 3'rs. 
Youngest 10 Oldest 78 


Table II 


Position of Tumor 


Cervical 24^, 

Thoracic 70 

Lumbar 6'* 

Cauda Equina 8^ 


108 Cases 


Extradural Extension Tumor 10 
9 Cervical 1 Thoracic 


Table III 
108 Cases 
115 Laminectomies 
Mortality 6 

Mortality % Case 5.6 — Operative 5.2 
3 operated for recurrence but none found 

1 operated and recurrence removed 

2 operated at wrong level (too low), but 
reoperated and tumor removed 


Table IV 


Complete Cures 44 Cases 


1 yr. 2 yrs. 

3 yrs. 

4 yrs. 

5 yrs. 

2 4 

5 

2 

3 

6 — 10 yrs. 

12 

11 — 15 3'rs. 

10 

16 — 20 yrs. 

2 

21 — 25 yrs. 

7 


Table V 

Methods Used to Confirm Level Diagnosis 


No Queckenstedt, No Oil 3 

Incomplete Block Oil and Queckenstedt 6 

Incomplete Block Queckenstedt, Complete to Oil 19 

Complete Block Queckenstedt, No Oil Used 18 

Complete Block Queckenstedt and Oil 62 

Symptoms Increased bj^ Lumbar Puncture 5 
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possibly being overlooked. But from the standpoint of the patient, deter- 
mination of the level of the lesion by an opaque myelogram saves him 
time, thereby preventing further cord damage, and assures him that the 
laminectomy opening will be properly placed and no more extensive than 
is absolutely necessary. A lumbar puncture with the application of the 
Queckenstedt test is an essential part of the study of any spinal cord lesion. 
If a tumor is suspected and if tlie hydrodynamic reactions and chemical 
studies of the spinal fluid are not entirely normal, oil should always be 
introduced into the subarachnoid , space of the spinal canal. Occasionally, 
as was evidenced in five cases in this series, a lumbar puncture plus re- 
moval of fluid for protein estimation and serologic studies causes a sudden 
increase in symptoms of cord compression. When this sequence of events 
occurs, immediate exploration is obviously indicated to prevent further 
cord damage. In our experience this aggravation of existing cord symptoms 
following a lumbar puncture only occurs in the presence of a tumor. 

In this series of 108 cases, one or the other of these tests were applied 
in 105 instances. Table V shows the results. It appears that oil is the most 
accurate means of reaching a level diagnosis. The position of the tumors 
is given in Table 11. 

Since these lesions are all extramedullary, they are frequently in contact 
with or even spring from the sheath of a posterior root. Consequently root 
pain or a girdle sensation is a common early complaint. In 70 cases in 
this series, frank pain was the initial symptom and in 10 others, numbness 
or hypesthesia. In 28 cases motor weakness was noted as the first disability. 
The relation of the tumor to the dentate ligament seems to have a definite 
effect upon the development of symptoms. If the tumor arises from the 
dura anterior to the dentate, as the mass increases in size, it will be crowded 
against the anterior or anterolateral surface of the cord and prevented from 
compressing an adjacent posterior root. Consequently generalized pressure 
is made upon the cord and motor symptoms may predominate over sensory 
complaints. In 28 instances in which motor symptoms were first noted, the 
position of the tumor was anterior or anterolateral in 19, and posterior or 
posterolateral in nine. Conversely, in the 80 cases in which pain was the 
initial symptom, the tumor lay posteriorly or posterolaterally in 63. Of the 
17 anteriorly placed tumors causing pain, 15 lay above the second thoracic 
segment, nine cervical and six thoracic. And of the nine cervical tumors 
anteriorly situated and producing pain, eight were '‘dumb-bell tumors with 
an extradural extension along an emerging pair of spinal roots. The 
posterior root was involved at this point with consequent segmental pain. 
All tumors involving the cauda equina, eight in number, had pain as an 
initial symptom. 

The cervical tumors comprise an interesting group. Among these 24 
cases, six lesions were situated at the level of the foramen magnum. ^ In 
two instances the tumors were so nearly intracranial that cerebrospinal 
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fluid circulation was impaired and a choking of the discs reported. Three 
fatalities occurred in this group. One case had already had respiratory 
embarrassment and although the tumor was removed, he died in a respirator. 
Another case died of pneumonia 72 hours postoperatively. A third case 
was in satisfactory condition until, on the third postoperative day, she was 
turned on her back and given fluid by mouth. She promptly vomited, most 
of the vomitus entered the trachea and she choked to death at once. In a 
fourth case recurrence was suspected in an anteriorly placed tumor. Re- 
operation after an interval of 3 years showed no recurrence but a marked 
arachnitis. Death occurred from respiratory failure some months later. 

Table VI 

Tnuior in Cervical Area 
Complete Paralysis to Complete Recovery 7 


Average Time Symptoms 22 Months 

Average Time Complete Paralysis 10 Weeks 

Average Time to Complete Recovery 18 Alonths 

Tumor in Thoracic Area 
Complete Paralysis to Complete Recovery 9 

Average Time Sj'mptoms 26 Months 

Average Time Complete Paralysis 6 Weeks 

Average Time to Complete Recovery 14 Months 

No Postoperative Improvement 13 

Average Time Onset Symptoms 34 Months 

Average Time Complete Paralysis 7 Months 

Average Time Follow-up — 2 yrs 5 Dead 


All Tumors in Thoracic Area 

A fifth case lived a semi-invalid existence for 6 years and was reported 
to have died of heart failure. The sixth case is alive 3 years postopera- 
tively and has made a complete recovery. In the postoperative care of a 
patient who has had a tumor removed from the uppermost levels of the 
spinal cord, respiratory paralysis is an ever present danger. A respirator 
should always be in readiness, or at least a laryngoscope or other neces- 
sary instruments for tracheal intubation. The immediate, postoperative pas- 
sage of a stomach tube is a wise precaution to keep the stomach empty and to 
provide measured nourishment. These patients should be nursed in the 
prone position on a cerebellar frame so that all secretions can drain freely. 

A problem not infrequently encountered in spinal cord surgery is the 
coinpletety paralyzed patient. Is operation worthwhile under such condi- 
tions? What criteria do we have to indicate the advisability of surgical inter- 
vention ? Sixteen cases, seven 'in which the tumor was located in the cervical 
area, and nine in which the tumor was in the thoracic area, had total spastic 
paraplegia of the legs, loss of sphincter control, and a complete or almost 
complete sensory loss below the level of the tumor. In the cervical group of 
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tumors, (7) the average period from the onset of symptoms to the operation 
averaged 22 months; the period of complete paralysis averaged ten weeks. 
In the thoracic group of tumors, (9) the average time of duration of symp- 
toms was 26 months, and of complete paralysis, six weeks. Yet all these cases 
made complete recoveries ; the cervical in an average time of 18 months after 
tumor removal, the thoracic after 14 months. All have resumed work. Thir- 
teen other cases were completely paralyzed and showed no postoperative im- 
provement. The average duration of symptoms prior to surgical intervention 
was 34 months, and with complete paralysis, seven months. The average 
follow-up time in this unimproved group is two years. Five are known to be 
dead. All these tumors were located in the thoracic area with a single excep- 
tion in the cervical region. It seems evident, therefore, that a case with a 
spinal cord tumor who has been completely paralyzed for two months has 
better than an even chance for recovery, if the tumor can be removed with- 
out further damage to the cord. (Table VI.) 

In this group of 108 cases, six are postoperative deaths, 44 are completely 
cured, and 13 completely paralyzed, five of whom are known to be dead. 
What of the 45 cases remaining that do not fall into any of these categories ? 
Four are known to be dead of intercurrent disease. Twenty-eight are im- 
proved, but not working, 16 are unimproved with the same partial disability 
as they had before the tumor was extirpated. 

CONCLUSIONS 

A tumor within the spinal canal, intradural and extramedullary in posi- 
tion, has a definite clinical history, pain, paresthesia, paralysis. Segmental 
pain is the first symptom, followed by sensory change and slowly developing 
motor weakness below the level of the lesion. The presence of a tumor 
should be expected if interference with cerebrospinal fluid hydrodynamics 
and chemical components can be demonstrated. Confirmation of the diag- 
nosis and determination of the level of the lesion can be had by the injection 
of opaque oil. Unless the symptoms of cord compression have been allowed 
to progress unchecked for too long a period, the chances for improvement 
or even a complete cure, following surgical removal of the tumor are excel- 
lent. 

Dr. Gilbert Horrax, Boston: I think Dr. Grant has done well to call our at- 
tention to these tumors and to summarize his experiences with a series of cases over 
a long period. Most of us have realized that extramedullary spinal cord tumors are 
extremely favorable tumors. I think Dr. Grant has brought out one fact very clearly; 
that is, that even though patients have had paralysis for a long time they are still 
capable of coming back to a perfect, or nearly perfect, result. In our series we have 
had 60 patients with 61 tumors — one had two tumors, which is rather unusual — and 
our statistics agree almost entirely with his as to sex and age and so on, the great ma- 
jority being females and the age range running from 18 to 71. We also have used in 
recent years in a large proportion of the cases, some contrast medium to designate the 
level of the growth more distinctly than could be found by neurologic means. Wc 
have used oxygen a good many times, but also lipiodal or pantopaque. 
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(Slides) We have had what we would call good or excellent results' in 44 cases, 
72 per cent. These end results are, with a few exceptions, for a period of about four 
years. I am quite sure that when we get a complete followup our good or excellent 
results will be improved, because I think as years go on there will be further im- 
provement; that seems to be one characteristic of these tumors, that improvement 
comes over a period of years, not just over a few months. We had one death in this 
group, and one case we could not follow. 

This chart is interesting. There were 45 neurofibromas. On a purely arbitrary 
basis I have taken cases which had symptoms for twelve months or less to see whether 
duration of symptoms had any relation to results. In 85 per cent of patients who had 
symptoms for less than a year we had good or excellent results, but of those with 
symptoms for as long as filve years with severe pain or paralysis, there were no good 
results. It is possible that an occasional case will show a better result over a period 
of years. On the other hand, if the weakness had not gone on to paralysis we had 
some with excellent recovery. 

That is really about all there is to say from my standpoint, except to remark that 
surgeons in general and neurosurgeons in particular have recognized that they are 
very favorable tumors, ever since Sir Victory Horslej' took out the first one in 1887, 
in which he got a perfect result. I think Dr. Grant has been very wise in studying 
this series so that he would know exactly what the situation was and how well they 
did, sometimes coming from complete paralysis to a perfect result. 



THE CONTROL OF ANOXEMIA DURING SURGICAL ANESTHESIA 
WITH THE AID OF THE OXYHEMOGRAPH^ 

Roy D. McCluee, M.D., Vivian G. Behrmann, Ph.D., 

AND Frank W. Hartman, M.D 
Detroit, Michigan 

FROM THE DEPARTMENTS OF SURGERY AND LABORATORIES OF THE HENRY FORD HOSPITAL 

In a 1939 presentation to the American Surgical Association, entitled 
"Anoxia — A Source of Possible Complications in Surgical Anesthesia,” 
McClure and associates’- reached the conclusion that, "Full consideration of 
anoxia as a source of surgical complications should reduce preoperative nar- 
cotics to a minimum, promote the use of anesthetics which allow adequate 
oxygen in the inspired air, and emphasize the necessity of maintaining the 
blood pressure and respiration at near normal levels.” “Further Anesthesia 
Studies with the Photoelectric Oxyhemoglobinograph”^ were presented to 
this association in 1940. This communication emphasized the fact that the 
slow laborious method of following the oxygen saturation of the blood by 
means of repeated arterial punctures and gas analyses was not a practical 
procedure for clinical work especially as applied to anesthesia where imme- 
diate minute to minute results were essential for the guidance of the surgeon 
and the anesthetist in the prevention of operative and postoperative com- 
plications associated with anoxia. The application of the photoelectric cell 
technic, as suggested by Kramer ^ and Matthes ® in 1934 and 1935 in 
experimental procedures, was described in the use of an imported Kramei 
apparatus and an instrument of our own construction which was a complete 
innovation including a vacuum type photocell, radio amplification and ink 
recording. The possibility of employing the photoelectric technic for blood 
oxygen saturation in clinical work by means of the portable, sensitive oxy- 
hemoglobinograph was demonstrated for the first time. 

In medical and dental practice the fields of narcosis and anesthesia are 
obviously the ones where most can be done in the prevention of anoxia 
Closely allied and frequently associated is the shock syndrome which usuallj' 
implies severe anoxia. 

Although the exact mechanism of narcosis remains controversial, the 
logical approach seems to be that of Warburg^ and QuasteP — tissue respira- 
tion. The recent work of Schmidt® and Himwich^® and their associates on 
pentothal anesthesia suggests that a part of the narcotic mechanism is a his- 
totoxic anoxia, as demonstrated by a depression of the cerebral cellular res- 
piration. If this theory of narcosis is accepted, it is obvious that some de- 
gree of anoxia may be an inevitable complication of anesthesia. The ob- 
jective of the anesthetist, then, is to control anoxia within safe reversible 
limits in order to avoid irreversible pathological changes on the one hand and 
light narcosis with increased hypersensitivity on the other. 

* Read before the American Surgical Association, Quebec, Canada, May 29, 194S. 
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The successful control of anoxia depends primaril}^ on its prevention or 
early detection. Of the four types of anoxia, the one most readily recog- 
nized is anoxic anoxia, i.e., anoxemia. It is caused by an impaired oxygena- 
tion of the arterial blood at the lungs and is characterized by cyanosis and a 
generalized oxygen lack in all the tissues of the body. The occurrence of 
arterial anoxemia during anesthesia has been confirmed through objective 
observations as well as by chemical analyses. 

It is an established fact that the human eye is subject to inaccuracies in 
so far as visual impressions of color are concerned. The interpretation of 
color varies not only from one individual to another but also in the indi- 
vidual response to the same color at different times. The development of 
photoelectric methods has afforded a means of proving this point conclu- 
sively. Comroe and Botelho^^ have recently reported that visual impressions 
of cyanosis are unreliable. They evaluated the abilit}’^ of observers to detect 
cyanosis in 20 normal males, subjected to various gas mixtures, by a com- 
parison of their color estimations with known arterial oxygen saturations, as 
obtained photoelectrically with the Millikan oximeter. Cyanosis was not de- 
tected by the majority of the 127 observers until the blood oxygen saturation 
fell to approximately 80% ; while 25% of the observers were unable to rec- 
ognize cyanosis even when the arterial oxygen saturation fell to levels of 
71-75%. The authors point out that serious grades of arterial anoxemia may 
pass unrecognized by many physicians unless arterial blood is analyzed for 
oxygen content and capacity. 

In the light of these findings, it is clear that the anesthetist requires in- 
stantaneous and accurate information concerning the degree of arterial oxy- 
genation of the patient, if he is to fulfil his objective. Chemical analysis, 
which is a 'tedious and tim'e-consuming procedure, offers no immediate aid. 
Consequently, he has had to rely on the changing color, blood pressure and 
pulse of the patient. The photoelectric oxyhemograph, recently described 
by Hartman, Behrmann and Chapman^^ should solve this problem for the 
anesthetist and allow him to supplement his observations with an accurate, 
continuous record of arterial blood oxygen. 

It is the purpose of this presentation to describe the development of the 
oxyhemograph briefly and to show data which will prove the value of the 
instrument in the control of anoxemia in anesthesia. 

Although the first photoelectric estimation of oxyhemoglobin is attributed 
to Nicolai in 1932, the fundamental work in blood oximetry was per- 
formed by Kramer * and Matthes " each working independently. Kramer 
recorded variations in oxyhemoglobin m vitro and in vivo, using a method 
based on the spectral differences of hemoglobin and oxyhemoglobin in the 
red wave length region (620-770 mu). He showed that Beer’s latw of op- 
tical absorption may be applied to hemoglobin solutions and hemoglobin in 
the red cell. Matthes’ contribution was the continuous registration of light 
absorption in different spectral regions, using red light for oxygen content 
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and green light for the total hemoglobin. In 1935 Matthes® adapted 
Kramer’s method^ for closed blood vessels in the experimental animal to 
human beings, using an ear lobe attachment. 

After using an imported Kramer apparatus, Hartman and McClure^ de- 
veloped a one-color instrument which operated in the red wave length re- 
gion. This “ox 3 diemoglobinograph” consisted of a photoelectric colorimeter 
in which the beam of light passed through the web of the hand. Although 
the apparatus provided the desired sensitivity for clinical studies, its most 
serious limitation arose from volume changes in the tissue thickness exposed 
to the light beam, thus introducing an error. 



Fig. 1. — The oxyhemograph. 


Matthes®, Squire^^, Goldie^^, and Millikan^'^ have appreciated the dis- 
turbance created by volume variations and have attempted to correct for it in 
their photoelectric methods for blood oxygen determination. Although the 
technical details vary, all of these methods involve photocell recordings in 
two spectral regions, one sensitive to total hemoglobin (near infrared, 
Squire; blue, Goldie; green, Matthes and Millikan) and the other, the red 
wave length, which is sensitive to oxyhemoglobin. Squire and Goldie stand- 
ardized their instruments by rendering the tissue bloodless, whereas Millikan 
compared the fully flushed ear with an optical filter. Of these three methods, 
only the Millikan oximeter reached the production stage and, therefore, it 
was used extensively in the war-time aviation research program. 

The oxyhemograph (Fig. 1) has incorporated within it the best features 
of the technics described in earlier publications. It is the result of the joint 
endeavor of workers from the Department of Laboratories, Henry Ford 
Hospital, and the Research Laboratories Division, General IMotors Corpora- 
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tion, Detroit, Michigan. The blood oxygen saturation is measured through 
the use of a bichromatic photocell as registered through the ear, a unique 
feature of the method being the amplification by means of a "contact-mod- 
ulated” D.C. amplifier, which is stable and sensitive and allows a permanent, 
continuous record on a rugged D.C. milliameter. 

The ear unit* (Fig. 2) contains two miniature photocells, a small lamp, 



Fig. 2. — Circuit diagram of the photo-electric ear-piece and control potentiometers. 



and two color filters. Light transmitted through the ear is measured in two 
spectral regions. The “red” cell ph'otocurrent reflects changes in the oxy- 
genation of the blood together with volume variations.** The "green” cell 
photocurrent reflects only volume variations because in this spectral region 

* Coleman Electric Co., Maywood, 111. 

**The expression "volume variations” includes four variables: (1) tissue 
thickness which affects the amount of light absorption by the tissue itself ; (2) 
extent of the capillary bed which affects the amount of blood in the optical path; 
(3)' total hemoglobin which affects the amount of hemoglobin in the optical path; 
and (4) vasomotor changes, caused by fluctuations in blood pressure which would 
affect factor (2), and associated at times with a redistribution of hemoglobin, as 
may occur in shock, which would affect factor (3). 
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the absorption characteristics of oxyhemoglobin and reduced hemoglobin are 
similar. The two photocurrents are opposed to one another so that changes 
due to volume variations are largely canceled out, allowing only the signal 
measuring an oxygen change to be emitted. This difference signal is 
changed to alternating current, is amplified, rectified and sent to a milliame- 
ter which makes an ink record of blood oxygenation (Fig. 3). 

The instrument was calibrated by correlating actual arterial blood oxygen 
saturation values with the oxyhemograph readings (Fig. 4). The blood was 
analyzed in duplicate for oxygen content and oxygen capacity, using Van 
Siyke’s manometric method. -The per cent saturation was computed from 
^ these figures. Data obtained on 20 

patients under pentothal — NgO — O 2 
anesthesia show that the chemical 
and instrumental data are usually 
within ±2^%, The conformity of 
the blood' values and the oxyhemo- 
graph are proof of its reliability. 

The sensitivity of the oxyhemo- 
graph permits a tracing of the fluc- 
tuations in the oxygenation of the 
blood associated with the respira- 
tory cycle. This is well demon- 
strated not only in the experimental 
animal (Fig. 5) but also in the 
anesthetized human (Fig. 8). Such 
a rapid response should make the 
instrument a boon to the anesthe- 
tist, for the first warning of de- 
veloping anoxemia is registered 
much earlier than can be appre- 
ciated by clinical observations. 

Oxyhemography was employed in a series of operations requiring one 
half to ten hours of anesthesia. Each record included blood oxygen satura- 
tion curves during the preanesthesia period in room air, the induction, and 
the fluctuations, occurring throughout the surgical anesthesia. Records were 
obtained under various types of anesthesia, as follows : pentothal, pentothal — 
O 2 , cyclopropane, ethylene and ether, and spinocaine anesthesia. 



Fig. 4. — Correlation between the chemical 
and instrumental values for the blood O 2 
sat. in %. Identical value fall on the solid 
line. 28 out of 42 points (66.6%) lie with- 
in ±r%. Those points (39 out of 42 or 
92.8%) included within the broken lines 
represent an agreement of ±2j4'%. The 
remaining points (3 out of 42 or 7.2%) 
are within 3-8%. 


PENTOTHAL 

The current widespread usage of intravenous anesthesia, together with 
the variance of opinion as to the necessity for coincident oxygen administra- 
tion, prompted the early work carried out with the oxyhemograph. It seemed 
that a continuous record of blood oxygen should offer information, other- 
wise impossible to obtain under the short-acting barbiturates. As the study 
progressed, the combifiation of pentothal — N 2 O — O 2 ^^^s included because 
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of its extensive use in surgical anesthesia. Both experimental* and clinical 
subjects were used in these studies. 

Clinical data was acquired on 20 orthopedic cases, subjected to pentothal, 
pentothal — Oj, or pentothal — NgO — Oo anesthesia, of a duration ranging 
from 17 to 218 minutes. The preoperative medication consisted of lo 
^ gr. of morphine sulfate and 1/150 gr. of atropine sulfate. The pentothal 
was administered by the intermittent technic of Lundy and varied according 
to the individual’s sensitivity to the drug. The total dose ranged from /a to 
1% gms. The inhalation anesthesia was administered by face mask in the 
usual manner. Although a 50-50 NoO-O, mixture was preferred, the ef- 
fects of altering the ratio of NjO to Oo on the blood O, curve were obtained. 
Two arterial punctures were obtained during the anesthesia for calibration 
of the curve. Gas samples were drawn from the rebreathing bag for analy- 
sis to verify the NoO-Oa mixture administered. 



Fig. 5. — Simultaneous tracings of blood O- saturation in % (B — O: sat.) time 
in fifths of a minute, abdominal (A) and costal (C) respiration, spirometer (S) 
record of pulmonary ventilation and blood pressure (B.P.) on a dog, subjected to 
pentothal anesthesia are shown. (B-S) and (B- 6 ) represent analj'ses of arterial 
blood. An intravenous (i.v.) injection of 125 mgm. of pentothal under room air 
conditions caused a cessation of the respiration which created a marked decrease in 
the blood O 2 saturation from 97% to 52%. The slow recovery of 100% Os is graphi- 
cally depicted by the tracings. As the expiratory phase of each .respiratory cycle is 
completed, an immediate upward swing of the oxyhemograph pointer to a peak, fol- 
lowed by a fall until the end of the next respiratory cycle is observed. It is possible 
to align each wave in the tracing with a breath. The administration of a 30-70 
CO 3 — Os mixture increased the rate and depth of the respiration, thus smoothing out 
the oxyhemograph tracing. On return to room air, a more regular respiration rate 
was able to maintain normal blood oxygenation. 

A comparison of three types of pentothal inductions illustrates the value 
of O 2 'therapy in intravenous anesthesia (Fig. 6). In the bone graft case, 
the induction was performed in air. The blood O 2 fell from 87% saturated 
to 68% saturated after the patient had received 16 cc. of 2^% pentothal. 
The insertion of the airwa)'', followed immediately by a 50-50 NjO-O, mix- 
ture, caused the blood O 2 to become 98% saturated within three minutes. 
Changing the mixture to a 26-74 ratio of NoO-Oa had no effect on the blood 

* To be published. 
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Oo level. This kind of induction is probabl)'’ the most common procedure used 
in pentothal — NgO-Oo anesthesia. The second induction was carried out on 
a patient to be operated on for a left, comminuted fracture of the patella. 
The blood O, fell from 89% to 81% in air after an administration of 14 cc. 
of 254% pentothal. The administration of 100% Oo brought the blood 0„ 
level to 100% saturated within two minutes. The third case, a patellectomy, 
shows a room air blood O2 value of 95% saturated, followed by the ad- 
ministration of 100% Oo. The pentothal was not administered until the 
patient had breathed O, for five minutes, at which time the Oo had reached a 
value of 100% saturated. Although 28 cc. of pentothal was necessary, the 
blood Oo saturation showed no change, maintaining the high level of 98% to 
100%. This comparison shows the definite advantage of high O2 concentra- 
tions during the induction period and during the maintenance of anesthesia. 
The 50-50 NoO-0, mixture apparently is as efficient as 100% Oo and has 
the advantage of reducing the pentothal requirement. It is important to 
reach maximum oxygenation at the beginning of the anesthesia as it is easier 
to maintain this level than to bring it about after a period of pentothal 
anesthesia. 

In all barbiturate anesthesia one finds a marked variation in individual 
sensitivity to the drug. A 51-year-old male, a chronic alcoholic, underwent 
an orthopedic operation for comminuted fractures of the tibia and fibula. 
The preanesthesia blood O2 level was 88% (Fig. 7), but after an intravenous 
administration of 10 cc. of 2^% pentothal the blood O2 saturation fell rap- 
idly to a value below 60%. On noting the blood decrease, the anesthetist 
put the airway in place. Then with difficulty the patient was given 100% O,, 
thus bringing the blood Oj saturation up to 99%. The major part of the 
operation was performed under pentothal supplemented by a 50-50 NoO — 
O2 mixture. Tlie latter part of the operation shows that the blood O, was 
maintained at 92% saturated under a 60-40 N2O — O2 mixture. Shortly 
after the tourniquet was removed the patient breathed room air for 7 min- 
utes, during which time the blood O2 fell to 82% saturated. Although the 
wound had been closed the patient was kept in the operating room for fur- 
ther observation since he showed early cyanosis. , After 6 minutes of 
O2 the blood level rose to 87% saturated but, with the return to room air, 
removal of the patient’s mask and airway, the blood Oo saturation fell grad- 
ually to 62% within 9 minutes. This chart indicates that sensitivity to pen- 
tothal may be observed in the induction period. It may give a warning of 
the amount of pentothal a patient may tolerate and. may even suggest the 
extent of the hypoxemia in the postoperative stage. 

Organe and Broad^’’ first used the combination of pentothal — NoO — Oo 
anesthesia to obtain relaxation that is impossible with N,0 alone and to 
avoid the prolonged depression caused by large doses of pentothal. They 
used an 85-15 mixture which reduced the pentothal requirement to slightly 
more than half the usual dosage. At present proportions of NjO — Oo 
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ranging from 85-15 to 50-50 are in use, although the 50-50 ratio is favored 
for it insures adequate oxygenation as well as a reduction in the pentothal 
requirement. Leake and Hertzman^® and McQuiston, Cullen, and Cook^® 
have reported that N„0 — Og mixtures alone, below the 80-20 ratio will 
cause extreme anoxia. Therefore, we studied blood O 2 values under pento- 
thal supplemented by N 2 O — Oj mixtures in proportions ranging from 
(0-100) to (90-10). ' 

The oxyhemograph tracing taken on a 44-ycar-oId male (Fig. 8), while 
a patellectomy was performed under pentothal — N._.0 — O, anesthesia, 
gives t}q3ical data of the degree of blood oxygenation when the inspired O, 
is decreased by 10% increments. The blood Oo fell from 93% to 77% in 
the induction period. Typical respirator)' waves emphasize the sensitivity of 
the oxyhemograph. These fluctuations show actual changes in the blood Oo 
saturation coincident with each respiratory c}’'cle. The blood Oo remained 
between 97% and 100% so long as the O, in the NjO-O.,, mixture was above 

Table I. — Summary of Blood 0 : Sahiratiou Values uuder Pcnlothal Anesthesia, 
Supplemented by Varying Proportions of N 2 O — 0; 


NoO — Oo 
% 

Number of 
Administration'! 

Range of 

Blood 0” Values 
% Saturation 

Average of 
Blood O 2 Values 
Sc Saturation 

0-100 

39 

81-100 

94 

25-7S 

6 

76-100 

95 

30-70 

S 

88-100 

95 

40-60 

4 

93-100 

97 

'SO-SO 

26 

69-100 

95 

60-40 

8 

78-100 

94 

66-33 

3 

85-100 

93 

70-30 

9 

67-99 

86 

7S-2S 

6 

88-99 

93 

85-lS 

S 

58-78 

67 

90-10 

s 

35-68 

53 


30%. Within the last 10 minutes of the operation the patient breathed 
room air for minutes, during which time the blood O 2 fell to 93.4% 
saturated, as checked b)' an arterial puncture. The reduction of the NoO — 
O 2 mixture to an 84-16 ratio caused the blood O 2 to drop rapidly from 97% 
to 64% within 5)4 minutes. This type of curve occurred in every instance 
in which the O 2 administration* was less than 20%. At the end of this oper- 
ation we obtained a graphic recording of the commonest danger of the post- 
anesthetic period. The patient had been breathing Og for about one minute 
previous to the removal of the mask and his transfer from the operating 
table to the stretcher when the chin dropped and the tongue blocked the 
pharynx. The blood O 2 fell rapidly from 97% saturated to 58% saturated 
within 2)4 minutes but when the anesthetist’s attention was called to this de- 
pression of the O, record, simply lifting the patient’s chin with restoration 
of the air passage allowed the blood O 2 to return to normal. This record 
should prove valuable in impressing all concerned with the need for alertness 
in protecting the patient during the immediate postoperative period. 

Table I summarizes the data on blood Oj saturation over the entire range 
of NoO — Oo mixtures used in conjunction with pentothal. It -is clear that 
in NoO — Oo mixtures in which the O, value is 30% or more, the blood 
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oxygenation is maintained at 93% saturated or above. If, however, the O, 
content of a NoO — O 2 mixture is 25% or less, hypoxemia appears. The 
average blood On saturation value obtained with the 75-25 NoO — O 2 ratios 
was 86%. This is, of course, on the borderline between safe oxygenation 
and hj^poxemia. However, it should be noted that the range of values ob- 
tained was from 67% to 99%, dependent largely upon the pentothal dosage. 
In the 10 instances in which the O 2 inspired was 15% or less, severe hy- 
poxemia occurred. This is proven by the fact that the entire range of blood 
oxygen values recorded was below safe levels. The average blood O 2 satura- 
tion of 67% in the 85-15 NnO — On mixtures and 53% in the 90-10 N 2 O — 
O 2 mixtures are definite proof that the 85-15 N^O — Og mixtures used by 
Organe and Broad are too low in O 2 and usuall}^ cause serious anoxia. 

An analysis of the data shows that patients receiving as much as 1^ Gm. 
of pentothal over periods up to two hours, maintain a blood Og level above 
90% so long as the On administered is above 40%. Even 100% O 2 is not 
adequate for normal ox)^genation in operations lasting over two hours. This 
is well demonstrated in Fig. 9, which depicts an oxyhemograph recording 
during a high thigh amputation on a 23-year-old male who was sufi^ering 
from chronic osteomyelitis. A normal induction, followed by the usual in- 
crease in blood O 2 under a 50-50 NgO — Og mixture, is shown. As the 
tracing is followed during the second hour of anesthesia, it may be noted 
that a 75-25 N 2 O — Og mixture caused the blood O, saturation to fall from 
93% to 66% within a nine minute period. An increased O 2 administration 
(60%) brought the blood Oj value back to 93% saturated. Toward the end 
of the second hour the tourniquet on the stump was released. Hemorrhage 
occurred and obviousl}'’ some unoxygenated blood was returned to the circu- 
lation. This period is characterized on the O 2 saturation record by an im- 
mediate drop in blood Og. It is worth emphasizing that, from this point on, 
the blood O 2 never returned to a normal level, possibly because the shock 
syndrome was appearing at this time. In the fourth hour of anesthesia the 
blood O 2 was 72.5% saturated under a 50-50 NgO — O 2 mixture. An in- 
crease of 25% in the O 2 inspired raised the blood level to 76.6% saturated 
as checked by an arterial blood analysis. At the close of the operation the 
administration of 100% increased the O 2 saturation only as high as 81%. 
In the postanesthesia period the blood O 2 fell rather sharply to 58% — 60% 
saturated. This anoxemia was clinically confirmed bv the patient s ashen 
gray perspiring facies. 

In NjO — O 2 mixtures containing less than 40% the blood Oo level fell 
below 90% after hour of anesthesia with pentothal dosages as low as ^ 
Gm. N 2 O — O 2 mixtures containing less than 20% O 2 caused the blood O, 
to fall to 78% or lower within two-to-four minutes with pentothal admin- 
istrations as low as Gm. One exception in this series, a borderline anemia 
(Hb. — 10.7 Gm.) patient, showed values lower than 90% even on 100% 
Go and therefore suffered severe anoxemia under the NoO Oo ratios 
containing lower Og percentages. The patient, of course, showed no skin 
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discoloration for she did not have the 5 Gm. of hemoglobin in the unsat- 
urated state essential for cyanosis at any time. 

CYCLOPROPANE 

Oxyhemograph tracings were obtained under CgHg — O 2 anesthesia un- 
der different types of operations. The cholecystectomy, pneumonectomy, and 
the Blalock operation were studied. A 500-500 proportion of CgHg — O. 
resulted in blood On values between 95% and 100% in patients with normal 
hemoglobin. These blood levels were usually maintained unless there was a 
fall in 'blood pressure. 

Seven Blalock operations* have been studied. Typical data, (Figs. 10 
and 11) obtained on a 23-year-old girl who had undergone a Blalock 
anastomosis, now non-functional, on the left side 18 months prior to the 
present operation, are shown. She had a left diaphragmatic paralysis. The 
patient’s hemoglobin was 16.1 Gm., since a local physician had subjected her 
to frequent blood-letting in an attempt to alleviate the polycythemia. Pre- 
operative medication was morphine sulphate, gr, and atropine sulfate, 
gr. 1/150. The preoperative blood Oo level was 67% saturated, as proven 
clinically by a definite cyanosis. The induction with a 500-500 C 3 H,. — O.^ 
mixture, brought the blood O 2 level to 88 % saturation within five minutes. 
This was maintained for about ^ hour. After the chest was opened the 
blood O 2 showed a decrease from 83% to 74%. As the blood O, level was 
falling the anesthetist started controlled respiration, which showed a bene- 
ficial effect on the O 2 curve within four minutes, after which the blood O 2 
level rose steadily to 85% saturated. At the beginning of the second hour 
the right lung was packed. This created a severe anoxemia, the blood O 2 
saturation falling from 85% to 42% saturated within 12 minutes. The blood 
pressure also fell over this same period from 140/100 to 65/42. The an- 
esthetist switched the patient to 100 % O 2 wdth no apparent improvement, 
the blood O 2 remaining in the region of 40% saturated for several minutes. 
During the period not shown in the figures 2 minims of adrenalin were ad- 
ministered intravenously with the result that the blood O 2 rose to 45% for a 
period of two minutes, after which it dropped back toward 40%. Whole 
blood was administered, and within the next 45 minutes the blood On satura- 
tion rose to 50%. The blood pressure gradually returned to 140/90 during 
the same period. For the four hours preceding the completion of the an- 
astomosis in the sixth hour of anesthesia the patient’s blood O.^ fluctuated 
between 45% to 50% saturated. 

The dramatic increase in blood O 3 is effectively shown by the oxyhemo- 
graph at the removal of the clamps after the completion of the end of the 
subclavian artery to the side of the pulmonary artery anastomosis (Fig. 11). 
The beneficial effect of inflation of the right lung, of closing the chest and 
of natural respiration is also recorded. The blood O, saturation had reached 
89% prior to the removal of the mask. The return to room air is especially 


* To be published. 
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significant because it shows a blood Og drop of only 4%, in marked contrast 
to the induction record (Fig. 10). The marked improvement in pulmonary 
circulation and blood oxygenation effected by the anastomosis is well illus- 
trated. 

ethylene and ether 

Three operations in which and (C2H5)„0 were administered as 

the anesthetic have been studied with the oxyhemograph. In each case the 
blood O2 was maintained throughout the major share of the operation at 
normal or above normal values. Two of these operations were complete ab- 
dominal hysterectomies, whereas the third was performed for multiple fecal 
fistulae. The Trendelenburg position, employed in the three cases, created 
no change in the blood O2 level at its institution. Flowever, as the horizontal 
position of the table was restored in 10-15° stages, slight depressions in 
blood O2 and blood pressure were noted. 

A typical induction on one of the hysterectomies is shown in Figure 12. 
The blood saturation rose from 94% in air to 98-100% in the — 
Og — (^2115)20 mixture. The drop in blood Og saturation while the maslc 
was off for the airway insertion is clearly illustrated. The remainder of the 
chart demonstrates that the blood 0, saturation remained near 100% except 
during a manual exploration of the abdomen. The point at which the 
Trendelenburg position was assumed is also indicated. The effect of re- 
turning the patient to the horizontal position, while breathing a 300-400 
C2H4 — O2 mixture is shown (Fig. 13). This was done after 68 minutes of 
anesthesia as the wound was being closed. The blood Oo showed an imme- 
diate decrease which was alleviated by 100% inhalation. The blood 
pressure showed a slight fall during this same period. On breathing room 
air, the patient’s blood Oj saturation fell to 75%. Further inhalation of Oo 
did not alleviate the hypoxemia appreciably. An administration of a 25-75 
He — O2 mixture had no beneficial effect, nor did O, under increased pres- 
sure. Although the operation was completed within this period, the patient 
was kept on the operating table about 16 minutes for further observation. 
Inspiration of room air caused the blood O2 saturation to fall to 65% where- 
upon a 100% O2 inhalation and an intravenous 5% glucose in physiological- 
saline injection (300 cc.) were carried out. The blood O, curve reached the 
low level of 60% saturated, as shown by the tracing, until manual compres- 
sion of the breathing bag was carried out by the anesthetist for 2 minutes. 
This forced ventilation seemed to have a beneficial effect because the blood O. 
saturation rose rapidly to 85% and then gradually fell toward 80% as the 
patient was aroused. 

The final stage of another abdominal hysterectomy is shown in Figure 14. 
The decrease in blood Og and in blood pressure created by a 15° rise from 
the Trendelenburg position is observed. The effect of leveling the table as 
well as the return to room air created a gradual decrease in blood O2 satura- 
tion from 90% to 56%. While the blood O2 was decreasing the blood pres- 
sure fell from 118/80 to 90/70. When the arterial puncture (blood O2 — 
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57.5% saturated) was done the blood pressure was unobtainable. O 2 inhala- 
tion brought the blood O. to a level of 86% saturated and the systolic blood 
pressure to 96 within two minutes. On return to room air the patient 
showed only a 75% blood On saturation as she awakened. 

It is significant that the fall in blood pressure so closely parallels the 
blood On decrease. The fact that the blood pressure was obtainable after O 2 
was administered for two minutes suggests that O 2 lack may be the primary 
factor. It appears from these few cases that the change from Trendelenburg 
to horizontal position ma}’' pla}^ a role in this postoperative h 3 Totension and 
hypoxemia. Further stud}' of this problem is being carried out at the pres- 
ent time. 

SPINOCAINE 

Four spinocaine anesthesias were observed. In three of these the blood 
O 2 saturation was maintained within the normal range throughout the opera- 
tion. In tile fourth case, that of a negro undergoing a right inguinal hernia 
repair, the blood On showed a gradual 25% decrease in saturation. This 
diminution in blood O 2 occurred as the patient complained of a ‘'heavy” feel- 
ing in his chest. . A pain sensitivity test proved that the spinal had become 
effective above the nipple line. Therefore, embarrassment of the respiratory 
muscles was probably a contributing factor in causing the blood O 2 decrease. 

SUMINIARY and CONCLUSIONS 

1. The importance of determining the oxygen saturation of the blood 
during anesthesia is emphasized. 

2. Blood oxygenation values fluctuate so rapidly and so widely that in- 
termittent gas analysis determinations are inadequate. 

3. The portable photoelectric oxyhemograph, which gives a continuous 
recording of arterial O 2 satui'ation by means of opposed red and green fil- 
tered photoelectric cells, radio amplification (1,000,000 times) and an ink 
tracing, has supplied reliable and consistent results throughout operative pro- 
cedures up to 10 hours in duration under various anesthetic agents. 

4. Records on patients receiving pentothal show : 

(a) considerable individual susceptibility. 

(b) the advantage of 100% O 2 inhalation over room air prior to and 
during the induction as well as the value of Oo administration 
during the course of the anesthesia. 

(c) the decreasing tolerance to pentothal which prevents adequate 
blood oxygenation even though 100% O 2 is administered in pro- 
• longed procedures. 

(d) the importance of using at least a 60-40 NnO — O, mixture as a 
supplement to pentothal anesthesia. 

(e) the necessity for the continuation of Oo inhalation during the 
postoperative period, at least until the patient reacts, if anoxemia 
is to be avoided. 

5. Patients receiving C3'^clopropane, etlD’^leiie-ether, a combination of these 

705 



McCLURE, BEHRMAN AND HARTMAN 


Annals of Surpery 
October* liH8 


or spinocaine as anesthetic agents have not shown decreasing tolerance or 
cumulative effects as far as could be determined from the oxyhemograph 
curves. 
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Discussion. — ^Dr. Robert M. Janes, Toronto : Dr. Behrmann has presented most 
beautifully what we believe to be a most important subject. At a meeting of the 
American College of Surgeons in New York last year, my associate. Dr. Kergin, 
presented some work that we had been doing on this problem. Our attention was 
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directed to it originally when we found that in doing bilateral resections for bron- 
chiectasis oui survivals were not as good after we started to do the dissection instead 
of the tourniquet operation. Ihe explanation was apparently obvious in that the 
second operation was mudi more prolonged. Our studies paralleled very closely 
those 3 fou have heard. Certainlj^ the ox 3 'hemograph seems to give records that cor- 
respond sufficiently' closely with samples of blood taken from an aorta during opera- 
tion. We believe many of the unexplained deaths, particularly those in thoracic and 
abdominothoracic operations, are related to periods of prolonged anoxemia. The 
clinical estimate is not sufficiently' accurate to detect this anoxemia, and we have come 
to feel that this apparatus should be part of the routine equipment in every operating 
room where these prolonged and serious operations are being undertaken. 

Dr, Roy D. McClure, Detroit (closing) : Oliver Wendell Holmes created a very 
beautiful word — anesthesia. The word anesthetist soon followed, and now a much 
more cumbersome, seven-syllable word — anesthesiologist. 

We know that anesthesia, with or without preoperative sedation, may produce 
severe anoxemia or anoxia or, vice versa, severe anoxia may produce some degree 
of anesthesia. 

Ours is a far cry from the first Kramer machine that Hartman worked with 
11 3 'ears ago, a machine with two photoelectric cells applied to dissected-out artery 
and vein, two galvanometers each reflecting a beam of light writing on strips of 
photographic film. We showed this apparatus one sweltering hot summer day to our 
long-time friend, Charles F. Kettering. Off came his coat and on hands and knees 
he explored the inside workings of this box. He came up with the statement that 
the feeble impulses through the photoelectric cells could be amplified in a different 
way to greatly simplify this process. We developed a one-color photoelectric ceh 
which was attached to the web of the hand of the anesthetized patient in 1939. Today 
you have seen the result of invaluable improvements, thanks to Kettering. 

Milliken, who died so tragically in the mountains of Tennessee last spring, further 
developed this principle so that a photoelectric cell could be placed on the ear of an 
aviator inside his helmet, and when the oxygen content of his blood decreased at 
high, altitudes a red light would flash on the instrument panel of his plane. 

We believe that this method is developing into great practical value in our 
operating rooms. A number of cases have been reported of patients, blue under 
ansthesia, who became “vegetables” (not for dining- table use, however) as a result 
of cerebral anoxia. There are undoubtedly many who suffer some permanent mental 
deficiency after anoxia without the cause ever being recognized. I would like to cite 
one case of many that have come to my personal attention. A brilliant girl student 
at Ann Arbor returned for a weekend with her parents in Detroit, and had her 
dentist extract an impacted molar tooth under nitrous oxide anesthesia. Shortly 
afterward she noticed slight double vision, but paid little attention to it. On return- 
ing to college she lacked concentration, her grades became poor and she finally 
flunked out. In my own mind there is no doubt that this was the result of anoxia. 
At the end of the year she returned to the same dentist for extraction of the opposite 
molar and was told by him — “Never take nitrous oxide for you can’t stand it Last 
year you got blue, stopped breathing, and we had to give 3 'ou artificial respiration." 

Perhaps routine mental tests in the early days of anesthesia, before and after 
prolonged or even short anesthesia, would have revealed many such cases. Our 
previous work has emphasized the dangers of oversedation with barbiturates and 
with morphine. 

Dr. Hartman and Dr. Behrmann had hoped to show on our slides toda}' simul- 
taneously with these curves the continuous recording of the blood pressure, but tin'.: 
will soon be published. 
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PENICILLIN THERAPY WITH PROLONGED INTERVAL 
DOSAGE SCHEDULES’’ 

W. A. Altemeier, M.D. 

Cincinnati, O. 

The dosage schedules devised for the therapy with penicillin of suspect- 
ible surgical infections have been based upon the assumed necessity of main- 
taining a therapeutic concentration of this agent in the circulating blood and 
tissues. This assumption probably resulted from a transfer of previous expe- 
riences with the sulfonamides. The effectiveness of dosage schedules based 
upon this concept has been established without question, but each method 
has had one or more objections which have made it undesirable. The continu- 
ous infusion of penicillin either intravenously or intramuscularly, was soon 
abandoned in favor of single injections at intervals of two to four hours 
because of the patient’s discomfort and the amount of time and effort needed 
to insure its efficiency. In this way the rapid excretion of penicillin was offset 
by the injection of penicillin at short intervals, but the inconvenience to patient 
and physician and the impossibility of administering penicillin to anyone but 
a hospitalized patient stimulated a further search for more satisfactory meth- 
ods. Three plans were devised to overcome these objections and to extend 
the usefulness of penicillin to ambulatory or unhospitalized patients: delayed 
absorption, delayed excretion, and oral administration. 

Delayed absorption, with the maintenance of a prolonged level in the 
blood, has been accomplished in several ways. With preparations of penicillin 
in oil and beeswax^ or suspensions of penicillin in oil and pectin,® the absorp- 
tion of water soluble penicillin was delayed by beeswax or pectin. An effective 
blood level for 24 or more hours can be maintained in 70 to 80 per cent of the 
cases with daity injections of 300,000 units in oil and if the dose is increased 
to 400,000 units, the level will be satisfactory in almost all of the cases for 24 
or more hours. It has also been possible to retard the absorption by the injec- 
tion of insoluble salts of penicillin. Our preference among these at the moment 
is procaine penicilHffi prepared for parenteral injection either in an oil base 
or aqueous solution. Both have certain advantages over the oil and beeswax 
preparations, including a lower incidence of pain and local reaction. Other 
salts of penicillin with a low water solubility and slow rate of absorption are 
those formed by the heavy metals such as bismuth, silver, and mercury. 

Retarded excretion of penicillin has been produced by the oral administra- 
tion of caronamide in doses of 3 Gm. every four hours for periods of 2 to 19 
days.®’ This may be used to either decrease the interval between injections 
of aqueous penicillin, to enhance the blood levels two to seven times, or to 
decrease the amount of penicillin necessary for therapy of a given case. Two 
of its disadvantages are the large daily doses required and the nausea pro- 
duced in some instances. 

The oral administration of penicillin has been used effectively in selected 
cases providing it was buffered and its dose was five times greater than that 
of the necessary parenteral dose.® The ingestion of 100,000 units of buffered 


* Read before the American Surgical Association, Quebec, Canada, May 28, 1948. 

708 



volume 128 PENICILLIN THERAPY 

Number 4 

penicillin at intervals of four to six hours can usually be depended upon to 
produce and maintain a satisfactory concentration in the blood, and in its scope 
of application, it has been particularly useful in the therapy of ambulator}’ 
patients. 

Table I . — Clinical Results with Eight-Hour Penicillin Dosage Schedule 


Diagnosis 

No. of 
Cases 

Surgery 

Excellent 

Resi 

Good 

tits 

Quest. 

Failure 

I. Staphylococcal Infections 

Cellulitis 

... 20 

4 

13 

7 



Abscess 

. . . 17 

16 

5 

11 

1 


Infected wounds 

... 15 

4 

5 

9 

1 


Ulcer with cellulitis 

S 


S 

3 

1 


Acute mastitis 

3 



1 

2 


Furunculosis 

2 


2 

2 



Parotitis 

2 


. . 

. . 



Carbuncle 

2 


2 

2 



Subacute osteomyelitis 

2 



2 



Hydradenitis 

1 

. 

1 




II. Streptoeoceal Infections 

Cellulitis 

8 

1 

6 

1 

1 

. . 

Abscess 

4 

3 

2 

2 

. . 


Infected wounds 

4 

. . 

2 

1 

. . 

1 

Lymphangitis 

2 

. . 

2 


. . 

. . 

Septicemia 

2 

. . 

1 


. . 

1 

III. Mixed Staphylococcal and 

Streptococcal Infections 

Ulceration and cellulitis 

9 

4 

1 

S 

2 

. • 

Abscess 

.... 9 

6 

3 

7 

» , 

. , 

Infected wounds 

9 

3 

2 

6 

1 

. , 

Cellulitis 

4 

2 

2 


2 

. • 

Lymphangitis 

2 

, 

2 

, , 

• • 

. • 

Pleural empyema 

2 

2 

, 

2 


. . 

IV. Pneumococcal Infections 

Postoperative pneumonia 

6 

, , 

3 

2 

1 

. . 

Septicemia 

1 

, , 

1 


, , 

. . 

V. Mixed Infections 

Peritonitis 

12 

12 


5 

6 

1 

PO wound infections 

4 

2 

3 


1 


Acute cholecystitis 

4 

4 


2 

2 


Deep abscess of neck 

3 

3 

2 

1 



Intra-abdominal abscess 

3 

2 



3 


Acute salpingitis 

3 

1 


2 

1 


It is well established, therefore, that the administration of adequate amounts 

of penicillin by any dosage schedule which maintains a 

more 

or less constant 

concentration of the agent 

in the blood will produce efficient chemotherapy. 


However, the necessity of maintaining a therapeutic concentration in the blood 
for successful treatment has not been proved, and evidence is accumulating 
that the bacteriostatic effect of penicillin persists for a considerable length of 
time after its disappearance from the blood. As early as 1944, the results of 
Tillet, et al,^^ suggested that penicillin inhibited the growth of invasive pneu- 
mococci for a considerable period after blood concentrations were no longer 
measurable. When injections were made at inten^als of 12 to 16 hours, the 
results seemed to be just as satisfactory as those obtained when more frequent 
injections were used to maintain a therapeutic concentration throughout. Simi- 
lar inhibitory effects on streptococci infecting mice for eight or more hours 
were suggested by the studies of Jawetz’" in 1946. The studies of Zubrod’-* 
also indicated that the interval between doses on an aqueous solution of peni- 
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cillin could be greatly increased beyond four hours in the management of 
hemolytic Streptococcic infections in mice. More recently Marshall/"* after 
discussing the discrepancies in methods of chemotherapy with penicillin and 
indicating his belief that the maintenance of a more or less constant blood 
concentration was unnecessary for efficient treatment in the human, advocated 

carefully controlled clinical trials to 
evaluate the efficiency of three, two, 
or even one injection per day in 
human infections. Preliminar}^ 
studies of this nature at the Cin- 
cinnati General Hospital were re- 
ported shortl}'' thi'feafter.^®' 

MATERIAL AND JIETHODS 

The current acute shortage of 
nursing personnel has stimulated us 
to explore the clinical effectiveness 
of the simple injection intramuscu- 
larly of larger doses of penicillin in 
aqueous solution every 8 to 12 
hours. During the past eight 
months, we have treated 161 se- 
lected cases of established surgical 
infections at the Cincinnati Gen- 
eral and neighboring hospitals. Ex- 
ternally located infections of mod- 
erate severity and knowm etiology 
were chosen for study in the major- 
ity of instances and most of them 
were produced by the hemolytic 
Staphylococcus aureus and/or the hemolytic Streptococcus. (Table I.) 

Each of the cases was treated with either 100,000 units of penicillin at 
intervals of eight hours or 150,000-200,000 units at intervals of 12 hours. The 
penicillin was dissolved in sterile physiologic saline and injected intramuscu- 
larly using a volume of 1 cc. per 100,000 units. Determinations of the blood 
levels were made at intervals of one hour in 68 of the patients to determine 
the concentration of penicillin produced by one intramuscular injection. When- 
ever possible, the infecting bacteria were identified at the start of penicillin 
therapy and their susceptibility to penicillin determined in vitro. Studies were 
also made to determine the degree and duration of any inhibitory effect of a 
single application of two units of penicillin per cc. on the growth in vitro of five 
strains of the hemolytic Staphylococcus aureus, the hemolytic Streptococcus, 
the non-hemolytic Staphylococcus, and the non-hemohTic Streptococcus. 

RESULTS 

Measurements of PeniciUin the Blood. Considerable variation in'the levels 
produced by a single intramuscular injection of 100,000 units of penicillin 
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was obtained in 68 cases. Concentrations in excess of .03 units per cc. were 
maintained for at least three hours in 100 per cent of the cases, for four hours 
in 43 per cent, for 5 hours in 31 per cent, for six hours in 7 per cent, and for 
seven hours in 4 per cent. (Fig. 1.) Thus, an adequate level of penicillin was 
maintained through the eight hours in only 1.4 per cent of the cases. The two 
extremes of variation encountered in the levels of penicillin produced by a 
single injection of 100,000 units intramuscularly are illustrated in Figure 2. 

Lag in Bacterial Growth Following Temporary Exposure to Penicillin. 
When five strains of the hemolytic Staphylococcus aureus which had been 
isolated from established human infections were exposed for two to four hours 




Fig. 3. — Illustrating the lag in growth 
of hemolytic Straphylococcus aureus 
produced by 2 hour exposure to 2 units 
of penicillin peric.c. 

— No exposure to penicillin 

Two hour exposure to penicillin 



TLse is Hourt 

Fig. 4. — Illustrating the lag in growth 
of the hemol 3 "tic Streptococcus follow- 
ing a 4 hour exposure to 2 units of 
penicillin per c.c. 

No exposure to penicillin 

Four hour exposure to penicillin 
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to the effect of two units of penicillin per cc. of media, a definite lag in their 
growth persisted for 8 to 24 hours after penicillin was removed and the organ- 
ism reinoculated into fresh media without the chemotherapeutic agent. (Fig. 3.) 
Similar but less striking results were obtained with strains of the hemolytic 


DATE OF ADMISSIOU; 12-1-47 
DAY OF ILL.s 3 4 


10 


11 


12 


■13 



PENICILLIH < 100,000 UNITS Q, 8 H. 4 

W. B. C. 27.5 27.1 22.7 18.45 13.95 9.1 9.5 

Fig. 5. — G. S. Infected laceration of right arm with cellulitis, lymphangitis, and 
lymphadenitis in a 38 year old colored female. 


DATE OF ADUISSIOH: l-i;2-4b 

DATE OF ILL.: 2 S 4 6 6 7 8 9 10 11 12 13 14 15 



VT. B. 0. 33.5 18.5 

Fig. 6.— B. H. Age 25. Excellent response with complete control and spontane- 
ous resolution of an acute _ interstitial mastitis of left breast following chemothtrapy 
with 100,000 units of penicillin every 8 hours. 


Streptococcus (Fig. 4), the non-hemolytic Streptococcus, and the non-hemo- 
lytic Staphylococcus. 

Clinical Results. The clinical results obtained in this series of selected 
cases were very gratifying and probably indistinguishable from those antici- 
pated with the three or four hourly injections of penicillin with two possible 
exceptions of severe and extensive infections caused by the hemolytic Strep- 
tococcus in which penicillin therapy first with 100,000 units every eight hours 
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and later every three hours failed to save the patient’s life. An arbitrary 
classification of the clinical results obtained with this dosage schedule is given 
in Table I. A satisfactory result was obtained in the great majority of the 
Staphylococcal infections treated and the pattern of response was the same 

which we have learned to expect 
with a lag of 24-72 hours preceding 
an}^ obvious clinical change, spon- 
taneous resolution of the earlier 
cases, and control of the invasive 
characteristics and localization in 
the later cases. (Figures 5, 6.) The 
Streptococcal infections were gen- 
erally more severe than the other 
types, but satisfactor)’- chemothera- 
peutic results were obtained in 17 
of the 20 cases. The two failures 
occurred in fulminating and exten- 
sive infections produced by the 
hemolytic Streptococcus. In the 
mixed infections produced by both gram positive and gram negative bacteria, 
the incidence of satisfactory results was only 50 per cent as could be anticipated. 

Serial Measurements of Bacterial Sensitivity. In only one case was evi- 
dence detected of a susceptible hemolytic Staphylococcus aureus developing 
definite resistance to penicillin during therapy with this schedule. 

DISCUSSION 

Experimental and clinical evidence indicates that the antibacterial effect 
of penicillin persists for some unknown reason for a considerable length of 
time after its disappearance from the circulating blood. Although this is a 
relatively small series of cases from which to draw any conclusions, it appears 
that the maintenance of a more or less constant blood level is probably unnec- 
sary for efficient therapy in the human being. In our limited clinical expe- 
rience, it appears that the intramuscular injection of an aqueous solution of 
penicillin containing 100,000-200,000 units every eight to, 12 hours, is an effi- 
cient and effective method of chemotherapy in susceptible infections of mod- 
erate severity. The method overcomes the disadvantages and inconveniences 
of the two- to four-hour dosage schedule to a large extent and has not resulted 
in any increased tendency of the bacteria to develop resistence of penicillin. 
The administration of only two or three injections per 24 hours decreases the 
task of the nurse and releases part of her time for other more necessary nurs- 
ing duties. 

In addition to the lessened discomfort and inconvenience of the patient, tlic 
method is of great practical importance at the moment because of the nursing 
shortage throughout the nation. The eight- and 12-hour dosage schedule 
is advocated at present only in susceptible infections of moderate severity or 
les.s until further experimental information is gathered. 
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PEIIICILLIII 100,000 UHITS 0. 8 H. 

B. C. 8*4 63. S 

Fig. 7. — ^J. K. Age 14. Post trau- 
matic ulcer of the leg with extensive 
cellulitis and lymphangitis produced by 
a hemolytic Streptococcus. 




THE RESULTS OF THE SYSTEMIC ADMINISTRATION OF THE 

ANTIOBIOTIC, BACITRACIN, IN SURGICAL INFECTIONS. 

A PRELIMINARY REPORT** 

Fbank L. Meleney, M.D., New York, N. Y.; William A. Altemeier, M.D., 
Cincinnati, Ohio; Alfred B. Longacre, M.D., New Orleans, La.; 

Edwin J. Pulaski, M.D., San Antonio, Texas, and 
Harold A. Zintel, M.D., Philadelphia, Pa. 

Bacitracin is an antibiotic produced by the Tracey strain of Bacilhis 
subtilis. It was isolated from the mixture of organisms found in the debrided 
tissues removed from a compound fracture of the tibia, while studying 
the prevention of infection in contaminated wounds by the use of sulfona- 
mides.’- Its commercial production has met with some difficulties similar to 
those encountered during the development of both penicillin and strep- 
tomycin. 

During the early stages of the process of purification, bacitracin was 
used in the local treatment of various types of surgical infections and the 
first 100 cases were reported in March, 1947.® It yielded favorable results 
comparable to penicillin, and in many cases in which penicillin had failed. 
It was then taken up by the dermatologists, Miller and Slatkin, who re- 
ported success in the treatment of various types of pyodermias.® Similar 
encouraging reports were made in the field of ophthalmologic infections.^ 

During the past 20 months, purification and standardization have reached 
a point which has permitted the systemaic use of bacitracin. A number 
of groups are trying to evaluate this antibiotic in the systemic treatment of 
pneumonia, syphilis and various types of surgical infections. These studies 
are being carried out with the aid of funds provided by the Medical Re- 
search and Development Board of the Surgeon General’s Office and the 
Antibiotics Study Section of the National Institute of Health. The leaders 
of these groups are co-authors in the presentation of this report. 

The Surgeon General’s Office called upon the Food and Drug Adminis- 
tration to set up specifications and tentative standards for bacitracin which 
would permit its systemic use under experimental conditions and which 
would safeguard the patients during the course of its clinical appraisal. 
Therefore, on January 20th of this year. Dr. Henry Welch called the 
manufacturers together and they subsequently agreed upon provisional speci- 
ficiations regarding potency, solubility, stability, toxicity for mice, pyro- 
genic effects for rabbits, and vasopressor and vasodepressor effects on dogs. 
These minimum specifications must be met by all of the manufactured 
preparations before they can be applied in the treatment of human infections. 

Bacitracin has a wide antibacterial spectrum, being effective against 
most strains of hemol)4ic streptococci, nonhemolytic streptococci, coagulase- 

* Read before the American Surgical Association in Quebec, Canada, May 28 , 1948. 
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positive staphylococci, pneumococci, gonococci, anerobic cocci in general, 
all of the gas gangrene group of organisms and the bacillus of tetanus, 
the diphtheria bacillus and diphtheroids, the spirochetes of syphilis and 
mouth spirochetes, the actinomycotic group of organisms, and among the 
protozoans, the Endamoeba histolytica. There is little or no action against 
the large group of aerobic Gram negative non-spore forming bacilli. 

The chief advantages that bacitracin has over penicillin are (1) that it 
is not inhibited by the organisms which produce penicillinase and is, there- 
fore, more likely to be effective in infections due to bacterial mixtures. (2) 
It is more slowly eliminated from the body and, therefore, can be given at 
longer intervals. (3) Its effectiveness against bacteria is in direct propor- 
tion to its concentration.® This has been brought out by Eagle in compar- 
ing the lethal action of penicillin and bacitracin against the spirochetes of 
syphilis. He has also demonstrated a significant synergistic action be- 
tween penicillin and bacitracin in the treatment of experimental syphilis 
whereby small fractions of therapeutic doses of each, when combined, yield 
a therapeutic result.® (4) So far, bacitracin has shown less tendency to 
produce allergic or hypersensitive reactions but these may come with its 
more extended use. Certain strains of bacteria gradually build up a re- 
sistance to bacitracin but this is of a low order. As time goes on, more 
and more organisms belonging to groups susceptible to penicillin are prov- 
ing to be resistant to it and in many instances these organisms are sus- 
ceptible to bacitracin. 

Its chief disadvantage, as compared with penicillin, is that it has not 
yet been obtained in a pure or crystalline form and, in the present state of 
its impurity, it produces, when injected systemically in man, certain evi- 
dence of nephrotoxicity which limits its dosage and the duration of treat- 
ment. This will be discussed more fully below. 

Its chief advantage's over streptomycin are its wider antibacterial spec- 
trum, particularly with regard to the anaerobic organisms, and the low 
order of the development of resistance during the course of treatment. Its 
chief disadvantage "with respect to streptomycin is its ineffectiveness against 
the Gram negative aerobic non-spore forming bacilli. 

While bacitracin is not inactivated by gastric acidity or by the pro- 
teolytic ferments of the gastro-intestinal tract, it is not absorbed to any 
extent from the alimentary canal. However, while it cannot be given sys- 
temicall)’’ as a mouth medication, it remains active and effective against 
the susceptible groups of intestinal organisms, particularly the CJostrldmm 
wclchii and the intestinal streptococci, and it can be recovered from the 
feces in a concentration well above the lethal level for these organisms. It 
may, therefore, be combined with streptomycin or some of the relatively 
insoluble sulfonamides to minimize the activity of the intestinal flora be- 
fore surgical procedures on the bowel. It has also been found effective 
in a few cases of intestinal infections, nameh', in chronic ulcerative coliti.c 
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and regional ileitis. Furthermore, encouraging results are being obtained 
by mouth administration in both the acute and chronic stages of amebic 
dysentery. 

The present report includes 105 cases of surgical infections observed 
in the units set up for the appraisal of bacitracin in New York, Cincinnati, 
New Orleans, San Antonio and Philadelphia. These studies are being 
carried on in a uniform manner and comparable data are being obtained 
in all cases. These data are being recorded on summar}’’ sheets especially 
prepared for this study, designed to bring out the essential features of 
these cases. In the course of the coming year, it is hoped that records will 
be obtained on approximately 1000 cases. Plans are going forward to ana- 
lyze the results and determine their statistical significance so that at the .end 
of that time, we may have a clearly defined knowledge of the indications 
for and limitations of this new antibiotic. These data will be collected and 
analyzed at the unit in New York. 

The information which is being gathered with regard to various types 
of surgical infections includes diagnosis and duration (30 days having been 
set as the dividing line between acute and chronic infections) ; a record of 
the previous treatment, if any, both local and S3^stemic; the general status 
of the patient as indicated by the blood count, sedimentation rate and kid- 
ney function, including the tests for nonprotein nitrogen or blood urea 
nitrogen, the clearance of phenolsulfonephthalein, and the presence of al- 
bumin, sugar, casts and cellular elements; the dosage of bacitracin, both 
systemic and local ; the symptoms and signs of infection before and during 
treatment ; the time relationship of any surgical procedure ; the blood levels ; 
the per cent of bacitracin excreted in the urine; a complete bacteriologic 
analysis of the infection before, during and after treatment and the results 
obtained. 

It is understandable, since the advent of the sulfonamides and the anti- 
biotics, particularly with the ready availability of penicillin and its low 
toxicity, that patients coming to any hospital with an infection are likely 
to have had some form of antibacterial therapy either self-administered or 
prescribed by the family doctor. This means that today relatively few pa- 
tients are available for primary treatment with a new form of therapy. 
This is a handicap to the success of the new agent because it not only in- 
creases the proportion of cases which are resistant to all treatment but pro- 
longs the duration of the illness before the institution of the new form of 
treatment. Until confidence can be built up in a new drug, doctors are not 
warranted in using it in the primary treatment of an infection. In view of 
these facts, the authors of this paper recognize that bacitracin will not be 
of any practical importance unless it can succeed where other forms of 
treatment have failed or unless it can demonstrate its clear-cut superiority 
over other forms of treatment so that it becomes the treatment of choice. 
As time goes on, however, if bacitracin demonstrates its effectiveness and 
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and regional ileitis. Furthermore, encouraging results are being obtained 
by mouth administration in both the acute and chronic stages of amebic 
dysentery. 

The present report includes 105 cases of surgical infections observed 
in the units set up for the appraisal of bacitracin in New York, Cincinnati, 
New Orleans, San Antonio and Philadelphia. These studies are being 
carried on in a uniform manner and comparable data are being obtained 
in all cases. These data are being recorded on summary sheets especially 
prepared for this study, designed to bring out the essential features of 
these cases. In the course of the coming 3'ear, it is hoped that records will 
be obtained on approximately 1000 cases. Plans are going forward to ana- 
lyze the results and determine their statistical significance so that at the .end 
of that time, we may have a clearly defined knowledge of the indications 
for and limitations of this new antibiotic. These data will be collected and 
analyzed at the unit in New York. 

The information which is being gathered with regard to various types 
of surgical infections includes diagnosis and duration (30 days having been 
set as the dividing line between acute and chronic infections) ; a record of 
the previous treatment, if any, both local and systemic; the general status 
of the patient as indicated by the blood count, sedimentation rate and kid- 
ney function, including the tests for nonprotein nitrogen or blood urea 
nitrogen, the clearance of phenolsulfonephthalein, and the presence of al- 
bumin, sugar, casts and cellular elements; the dosage of bacitracin, both 
systemic and local ; the symptoms and signs of infection before and during 
treatment; the time relationship of any surgical procedure; the blood levels; 
the per cent of bacitracin excreted in the urine ; a complete bacteriologic 
analysis of the infection before, during and after treatment and the results 
obtained. 

It is understandable, since the advent of the sulfpnamides and the anti- 
biotics, particularly with the ready availability of penicillin and its low 
toxicity, that patients coming to any hospital with an infection are likely 
to have had some form of antibacterial therapy either self-administered or 
prescribed by the family doctor. This means that today relatively few pa- 
tients are available for primary treatment with a new form of therapy. 
This is a handicap to the success of the new agent because it not only in- 
creases the proportion of cases which are resistant to all treatment but pro- 
longs the duration of the illness before the institution of the new form of 
treatment. Until confidence can be built up in a new drug, doctors are not 
warranted in using it in the primary treatment of an infection. In view of 
these facts, the authors of this paper recognize that bacitracin will not be 
of any practical importance unless it can succeed where other forms of 
treatment have failed or unless it can demonstrate its clear-cut superiority 
over other forms of treatment so that it becomes the treatment of choice. 
As time goes on, however, if bacitracin demonstrates its effectiveness and 
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its safety and if the cases in which it is used are carefully studied and the 
indications for and the limitations of this treatment can be clearly defined, 
then it may be that certain conditions will indicate its use as the initial 
treatment. 

During the preliminary stages of this investigation, the leaders of each 
group have proceeded cautiously with relatively small doses and a large 
proportion of the cases herewith reported include those which have failed 
to respond to other forms of treatment. Any statistical analysis of the 
results of such treatment must keep this in mind. It is exceedingly difficult 
to run parallel series of cases and to compare different forms of treatment 
with one another and, in any study of established infections, the controls 
must lie in the cases themselves and their response to previous forms of 
treatment. 

Bacitracin has been used systemically in steadily increasing number 
of cases for the past year and a half. This number has been limited chiefly 
by production difficulties in obtaining a uniform product of consistent 
potenc}' and low toxicity. j\'Iore than 100 cases of syphilis have been treated 
b}' Eagle and his associates with bacitracin or a combination of bacitracin 
and penicillin. Reisner has treated over 25 cases of pneumonia. These will 
be reported elsewhere. A few other so called medical infections, such as 
malignant endocarditis, have been treated and others are being studied. 
This paper covers all of the cases of surgical infections so far treated 
systemicall)" in the units set up especially for the appraisal of bacitracin 
and comprises 105 cases, the results of which are shown in the accompany- 
ing Table I. 


Table I. — Results Obtained in 105 Coses of Surgical Infections Treated 
by the Systemic Administration of Bacitracin 

RESULTS OF TREATMENT 
Total .Ques- 

DlAGNOSIS Cases Excellent Good tionable 


Cellulitis 

Deep abscess 

Infected accidental wound ... 

Chronic osteomyelitis 

Operative wound infection . . 

Multiple furuncles 

Synergistic gangrene 

Simple ulcer of skin 

Ulcerative colitis 

Thrombophlebitis 

Brain abscess 

Acute osteomyelitis 

Undermining_ burrowing ulcer 

Actinomycosis 

Infected compound fracture . 

Meningitis 

Human bite infection 

Regional ileitis 

Carbuncle 

Miscellaneous* 


17 6 

15 0 

13 6 

7 0 

4 1 

4 0 

3 3 

3 0 

3 0 

3 0 

3 0 

2 0 

2 0 

2 0 

2 0 

2 2 

2 2 

2 0 

2 0 

14 2 


9 0 

10 2 

4 1 

6 1 

1 1 

2 1 

0 0 

2 1 

2 1 

0 3 

0 0 

1 0 

2 0 

1 1 

1 0 

0 0 

0 0 

2 0 

2 0 

5 3 


TOTALS 


105 22 50 15 

Favorable results in 69% of cases. 


No 

Effect 


2 
3 
2 
0 
1 
1 
0 
0 
U 
0 
3 
1 
0 
0 
1 
0 
0 
0 
0 
' 4 

IX 


_* Includes one case eacli of septic abortion, breast abscess, calciled abscess, decubital ulcer, 
mediastinitis, acute suppurative tenosynovitis, bronchiectasis, cholangiitis, tuberculosis of glands of 
neck, strangulated hernia, pelvic thrombophlebitis, intestinal obstruction, ulcers of perineum and 
scrotum, tetanus with gangrene of foot. 
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The results of treatment are classified into four groups. They are called 
‘Excellent’ if infection subsided rapidly and dramaticall}' within 72 hours. 
They are called ‘Good’ if there was a definite response to the drug but the 
effect was more gradual during the course of a week or ten days. The benefit 
is ‘Questionable’ if the case might have done just as well without the drug, 
and the result is labeled ‘No Effect’ if the infection went on its course re- 
gardless of drug treatment. 

The results which are called either ‘Excellent’ or ‘Good’ may be con- 
sidered together as favorable results and the other two categories as un- 
favorable results, although, in the ‘Questionable’ group, there may be some 
cases in which the drug was of value. However, in order not to seem too 
optimistic, the doubtful cases are not put to the credit of bacitracin. 

It will be seen that only three diagnostic groups include more than ten 
cases and the results in the smaller groups are not of statistical significance 
nor necessarily representative of what might be expected in those conditions. 
If we take the group as a whole, we find that the results were favorable in 
69 per cent of the cases, whereas in the three categories having the largest 
number and almost one-half of the cases the results were favorable in 78 
per cent. In the miscellaneous group including one case of each diagnosis, 
favorable results were obtained in only 50 per cent of the cases. 

It is of interest that in three groups all of the results were ‘Excellent,’ 
namely, synergistic gangrene, meningitis, and human bite infection. These 
meningitis cases were associated with surgical conditions and, while this 
disease is not ordinarily considered a surgical infection, they are included in 
this report. It has been found that bacitracin does not penetrate well into 
the spinal fluid, only reaching a tenth of the level found in the blood but 
in the presence of infection this penetration is increased.® However, if local 
application can be made by intrathecal injection or topical application, it is 
effective against susceptible organisms if it can reach the area involved, and 
it is not locally injurious to the meninges. In the cases of s)mergistic gangrene, 
these results are particularly significant because in every case this painful 
destructive process had spread over a large area of the body surface over 
a period of months, unchecked by many different forms of treatment includ- 
ing the sulfonamides and penicillin and in each instance the process came 
to a sudden halt within 72 hours, the necrotic skin was automatically loosened 
and subsequently separated from the necrobiotic zone, and the areas became 
covered with epithelium spontaneously without the necessity for any surgical 
procedure, even skin grafting. It will be remembered that this rare but dis- 
tressing condition formerly required wide excision in order to effect a cure. 
Human bite infections may be particularly amenable to bacitracin therapy 
if given before extensive destruction of tissue has occurred because of the 
striking susceptibility of anaerobic streptococci and spirochetes. 

The highest percentage of favorable results, 88 per cent, was obtained 
in the cases of cellulitis. This might be expected because organisms causing 
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these diffuse lesions are usually susceptible to bacitracin and because patent 
blood vessels permit the infiltration of any medication into the zone of infec- 
tion. Furthermore the alarming nature of such a case often brings the patient 
to tlie doctor in the early stages of the disease. 

It is perhaps of equal interest from a scientific point of view to point 
out those two groups in which the results were unfavorable, namely, throm- 



Fig. 1. Fig. 2. 

Fig. 1. — Patient O.S. ; Cellulitis of arm of four months’ duration with seven sinus 
openings, two incisional and five spontaneous, before bacitracin treatment. 

Fig. 2. — Patient O.C. : One month after bacitracin treatment. Sinuses all healed 
and surgery obviated. 


bophlebitis and brain abscess. In the former group, the element of infection 
is probably secondary to physical and chemical changes in the blood, while 
in the cases of brain abscess there are other factors prejudicial to success 
which will be discussed later. 

Although they were few in number, the -encouraging results obtained in 
ulcerative colitis and regional ileitis suggest a thorough investigation of the 
value of bacitracin in these fields because of the fact that it may be admin- 
istered by mouth for its local action on the bowel as well as systemically by 
muscular injection. Like streptomycin, as we have mentioned above, baci- 
tracin is not absorbed to any extent from the alimentary tract, and comes 
through in the stool in a concentration well above the lethal level for sus- 
ceptible organisms such as the streptococci and clostridia. Although the 
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causes of these diseases are not known, infection is of major importance 
and may be either primary or secondary. 

In studying the results obtained in these cases, it seems to the authors 
to be particularly worthwhile to anal3^ze the two extremes, namely, those 
yielding prompt, dramatic, almost immediate response to the drug treatment 
and those in which there is patently or obviously no effect whatsoever. In the 



Fig. 3. — Patient E.W. ; Actinomycosis of hand eleven months 
after human bite, before bacitracin treatment 

‘Excellent’ group, there are 22 cases, three of which, namely, the synergistic 
gangrenes, have already been referred to. The two largest groups are those 
of cellulitis and infected accidental wounds. Cellulitis is one of the charac- 
teristic manifestations of hemolytic streptococcal infections and the more 
virulent strains of hemolytic Staphylococcus aureus. The hemol3’’tic strep- 
tococci are particularly susceptible to bacitracin but the3'' are also susceptible 
to the sulfonamides and penicillin. However, for one reason or another a 
number of these cases had not responded to these other agents and we find, 
in studying the bacteriology of .these 'Excellent' results, that more than half 
yielded on culture streptococci, either hemolytic, nonhemolytic, microaero- 
philic or anaerobic varieties which seemed to pla}' a dominant role in the 
infection. We also find among these cases four in which a hemolytic Staphy- 
lococcus aureus was the principal organism and proved to be resistant to 
penicillin but susceptible to bacitracin. In one case in which there was a 
combination of hemolytic streptococcus and hemolytic Staphylococcus aureus, 
it was found that both of these organisms were susceptible to both penicillin 
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and bacitracin and, although 2,100,000 units of penicillin within 24 hours 
failed to stop the infection, it responded within another 24 hours to 20,000 
units of bacitracin given eveiy six hours. 

There were 18 cases in the group in which bacitracin had no effect on 
the course of the infection. One of these was a post-hysterectomy pelvic 
cellulitis with necrosis of the vaginal vault which had failed to respond to 

A 



B 


Fig. 4A. — Patient E.W. : Two months after bacitracin treatment and 
surgical excision. Full extension of fingers. B. — Patient E.W. : Two 
months after bacitracin treatment and surgical excision. Full flexion of 
fingers. 


721 



MELENEY, ALTEMEIER, LONGACRE, PULASKI AND ZINTEL 


the sulfonamides, penicillin and streptomycin, and the patient was practically 
moribund when bacitracin was called for . Another case was a little girl 
of three who died from intestinal obstruction. This was caused by an abscess 
arising from a perforation of the tip of the appendix which was over on the 
left side and which surrounded and obstructed the sigmoid. Three patients 
with brain abscesses died without benefit of surgical drainage, bacitracin as 





well as the sulfonamides and peni- 
cillin having failed to reach the 
focus in sterilizing concentration. 
In the other cases, the causative or- 
ganisms were resistant to baci- 
tracin. Two of these were staphylo- 
cocci which were susceptible to 
penicillin and these patients re- 
sponded to later treatment with 
penicillin. The other cases had a 
multiplicity of organisms, one with 
four, one with seven and one with 
nine different species, the majority 
of which were resistant to bacitra- 


cin. 

When bacitracin was first dis- 
covered, we were not onl)'’ im- 
pressed with the wide range of its 
antibacterial action but we were 


"j particularly happy to find that it ap- 

* peared to have no toxicity for labo- 

' ratory animals and gave no evi- 

dence of local irritation at the site 
■ of injection when surgical infec- 

Fig S.--Patient V.H. : Osteomyelitis tions were so treated. In order to 

of stump of femur three years after re- 
ceipt of battle wound, with two draining get away from extraneous factors 

tocm'treatment " and to develop a uniform product, 

we utilized a synthetic medium 
which yielded from 6 to 12 units of bacitracin per cc. at the peak of produc- 
tion on the third day of incubation. The concentrated antibiotic obtained 
from this medium showed no evidence of toxicity on repeated and prolonged 
periods of injection in our laboratory animals. 

However, when the commercial firms were asked to prepare this anti- 
biotic, they laid particular emphasis on finding a medium in which it could 
be produced in high titer. This was found in a medium made from soy bean 
flour which was cheap and easy to prepare and which yielded five to ten 
times as many units per cc. as the synthetic medium. When that product was 
sent to us for clinical and experimental study, we began to see evidences of 
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toxicity, most important of which in human cases seemed to be the develop- 
ment of traces of albuminuria and occasionally nausea and vomiting, A care- 
ful study of this material by Scudi and his associates demonstrated 
some nephrotoxicity for mice and to a lesser degree for monkeys but none 



Fig. 6. — Patient V.H. : One month after excision of 
necrotic bone and removal of sequestra, with wound 
completebr healed, after bacitracin treatment. Remain- 
ing foreign bodies in soft parts away from infected 
field. 

at all for rabbits, rats and dogs. However, even in mice these kidney changes 
only occurred with very large doses well above the corresponding contem- 
plated doses for man. Cautious use in human infections, produced a slight 
degree of albuminuria regularly, and occasionally abnormal cells and granular 
casts appeared in the urine, but we were happy to note that these abnormal 
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signs were transient and often disappeared during the course of treatment 
and that there was no appreciable rise in the nonprotein nitrogen or in the 
blood urea nitrogen. It was also observed that, if there was a persistance of 
any abnormality, it disappeared promptly after the termination of treatment. 


Table II. — Renal Excretion of Bacitracin — Patient V. H. 


Date 


Specimen 

Total 

Ml 

Units 

Per MI 

Total 

Units 

Intake 

(000) 

Per Cent 
Excreted 

pH 

Albumen 

Casts 

1/29 


24 Ill's. 


2050 

13 

26,630 



7 

0 

0 

1/31 


24 hrs. 


2300 

30 

69,000 

132 

52.3 

6.5 

St 

0 

2/1 


18 hrs. 


1270 

30 

38,100 

99 

37 

6 

ht 

few 

2/2 


6 hrs. 


800 

60 

48,000 

. - . 

... 

7 


few 

2/3 


6 hrs. 


650 

30 

31,500 

, . 

. . . 

7 

0 

rare 

2/4 


24 hrs. 


1900 

20 

38,000 

132 

28.7 

7 

0 

0 

2/5 


24 hrs. 


2100 

40 

84,000 

132 

63.6 

7 

spt 

0 

2/6 


24 hrs. 


1500 


.... 



6.5 

0 

0 

2/7 


24 hrs. 


1800 

54 

97,200 

iio 

81 

6.5 

0 

0 

2/8 


24 hrs. 


1500 

60 

90,000 

120 

75 

6.5 

0 

0 

2/9 


24 hrs. 


1500 

60 

90,000 

120 

75 

7 

0 

0 

2/10 


24 hrs. 


1650 

23 

37,950 

120 

31.6 

7 

0 

0 

2/11 


24 hrs. 


1900 

44 

83,600 

120 

69.6 

7.3 

0 

0 

2/12 


24 hrs.' 


2750 

44 

121,000 

120 

100 

/..•> 

0 

0 

2/13 


24 hrs. 


2400 

29 

69,600 

120 

58 

6 

0 

0 

2/14 


24 hrs. 


2000 

24 

48,000 

120 

40 

6.5 

0 

0 

2/15 


24 hrs. 


1900 

42 

79.800 

120 

66 

7 

0 

0 

2/16 


24 hrs. 


2200 

40 

88,000 

120 

73 3 

6 

0 

0 

2/17 


24 hrs. 


1800 

• 33 

59,400 

120 

49.'5 

7.5 

0 

0 

2/18 


24 hrs. 


1500 

39 

58,500 

120 

48 

6.5 

0 

0 

2/19 


24 hrs. 


2100 

22 

42,000 

120 

35 

/.3 

0 

0 

2/20 


24 hrs. 


2400 

24 

57,600 

120 

48 

7.5 

0 

0 

2/21 


24 hrs. 


2630 

32 

84,160 

120 

70.1 

6 

spt 

0 

2/22 


24 hrs. 


980 

44 

43,120 

120 

36 

7.5 

0 

0 

2/24 


24 hrs. 


2150 

46 

98,900 

120 

82.4 

7,5 

0 

0 

2/25 


24 hrs. 


2050 

54 

110,700 

120 

92.2 

/.D 

0 

0 

2/26 


24 hrs. 


1400 

24 

33,600 

120 

28 

7 

St 

0 

2/27 


24 hrs. 


2300 

31 

71,300 

120 

59.4 

7.5 

0 

0 

2/28 


24 hrs. 


2000 

52 

104,000 

120 

86.6 

7.5 

0 

0 

2/29 


24 hrs. 


1800 

33 

59,400 

120 

SO 

7.5 

0 

0 

spt 

— Smallest possible trace. 








St 

— Slight 

trace. 










t- 

— Trace, 











ht 

— Heavy 

trace. 












Table III.- 

—Renal Excretion of Bacitracin — Patient J. L 



Date 


Specim 

en 

Total 

Ml 

Units 
Per Ml 

Total 

Units 

Intake 

(000) 

Per Cent 
Excreted 

pH 

Albumen 

Casts 


2/16 

iiefore . , . 

120 

0 

0 

0 

0 


0 

0 

2/16 

Dose 1 ... 

170 

21 

3,570 




spt 

0 

2/17 

18 hrs. . . . 

600 

37 

22,200 

80 

27.75 

6.5 

*st 

rare 

2/19 

24 hrs. , . . 

1000 

34 

34,000 

80 

42.5 

7 

ht 

occ. 

2/20 

24 hrs, . , . 

1300 

34 

44,200 

80 

55.2 

5 

ht 

mod. 

2/21 

24 hrs. . . . 

1200 

38 

45,600 

80 

57 

5 


mod. 

2/22 

24 hrs. . . . 

750 

46 

34,500 

80 

43.1 

4.5 

ht 

OCC. 

2/24 

24 hrs. . . . 

2050 

40 

82,000 

80 

102.5 

4.5 

ht 

mod. 

2/25 

24 hrs. . , . 

995 

54 

53,730 

80 

67.1 

4.5 

ht 

many 

2/26 

24 hrs. . . . 

1300 

33 

42,900 

SO 

53.6 

4.5 

X 

mod. 

2/27 

24 hrs. . . . 

1000 

35 

35,000 

80 


4,5 

t 

mod. 

2/28 

24 hrs. . . . 

1060 

11 

11,600 

0 


4.5 

St 

OCC. 

2/29 

24 hrs. . . . 

1400 

0 

d 

0 

6 

4.5 

st 

occ. 

3/3 




.... 



4.5 

spt 

0 


spt — Smallest possible trace. 

St — Slight trace, 
t — Trace, 
ht — Heavy trace. 

This was the experience of all the units working with bacitracin and we be- 
gan to have a sense of confidence in the safety of the drug, which we felt 
would permit effective clinical doses without any evidence of damage to the 
kidneys. Two illustrative cases are shown in the accompanying Tables II and 
III. 
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It was at this point that the Food and Drug Administration set up the 
temporary specifications of bacitracin, mentioned above, which were con- 
sidered an adequate safeguard against injuiy to the patients. 

About the first of tJie 3^ear, the methods of production and all of the 
material produced by surface growth in bottles by the Ben Venue Labor- 
atories of Bedford, Ohio were taken over b)^ the Commercial Solvents Cor- 
poration. The Ben Venue Laboratoides had been furnishing us with our 
material and during the first two months of this year their stock-pile was 
gradually turned over to us by the Commercial Solvents Company in quan- 
tities as we needed it and it was used up on these patients. In February we 



Fig. 7. — Patient A.W. : Bacterial S 3 ’nergistic gangrene of four months’ duration, 
following hysterectomy, lesion iinolving lower half of abdomen and both thighs, be- 
fore bacitracin treatment. 

began to receive bacitracin made by the Commercial Solvents Corporation 
by the deep tank method, and then, for the first time, one of the units began 
to notice more pronounced evidences of nephrotoxicity than we had seen 
before with higher degrees of albuminuria and more cellular abnormalities, 
a higher rise in retained nitrogen and symptoms of lassitude on the part of 
the patient. Soon afterward these same results were observed in other units 
and in one case there was a temporary renal shut-down while in another there 
was an irreversible rise in blood urea nitrogen. 

The case with the renal shut-down occurred in a patient with an extensive 
and rapidly spreading cellulitis of the neck which had not responded to 
penicillin. The causative organism was not obtained but the clinical activity 
of the organism indicated a hemolytic streptococcus. He was given double 
the usual primary dose of bacitracin and this was administered every four 
hours for the first 24 hours. The infection promptly came under control so 
that it is listed among the ‘Excellent’ results. However, after the cessation 
of treatment and after the patient returned home, he noticed a decrease in 
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the output of urine and a general lassitude which brought him back to the 
clinic. Here it was found that he had albumin in the urine and a rise in 
blood urea nitrogen and therefore he was admitted to the hospital for study. 
Gradually his urinary output rose to normal although the specific gravity 
remained low. His blood urea nitrogen came down to normal levels. 

The toxicity of the presently available commercial product is under very 
close study. There are a number of facts which indicate that the to.xic factors 



f 

t 

Fig, 8. — Patient A.W. : Synergistic gangrene wound com- 
pletely epithelialized, seven weeks after starting bacitracin. 

are by-products of manufacture, particularly of the deep tank method, and 
they appear in certain batches of the preparation but not in all. It is hoped 
and expected that they will be eliminated in the near future. 

The exact chemical nature of bacitracin has not yet been determined al- 
though studies are being pursued in this direction in several different labora- 
tories. We know that it is made up of a number of amino acids although it 
does not have the properties of a pure polypeptid. Some of these amino acids 
may be unnatural and thus give rise to nephrotoxicity, as is known to be 
the case with d-serine. It may be possible to eliminate these unnatural amino 
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adds without interfering with the antibiotic effect or it may be possible to 
neutralize their nephrotoxic action by some chemical means. For example, 
it has been demonstrated that a number of salts can greatly reduce the toxic 
action, among these are sodium chloride, sodium bicarbonate and sodium sul- 
fate. In the administration of the antibiotic, therefore, for the time being 

BACITRACIN BLOOD LEVEL 
DOSAGE* 20,000 UNITS EVEfil SIX HOURS 


BLOOD 



Fig. 9. Patient A.W. : Bacitracin blood level after intramuscular injection 

of 20,000' Units. 


the solvent should contain one or another of these salts. It is the present 
practice to dissolve the lyophilized product in 2 per cent novocaine made up 
in normal saline, and to alkalinize the patient so that the urine is always 
at a pH of 6 or more. 

It is well known that individual animals and certainly individual human 
beings vary considerably in their reaction to all of these antibiotics and 
some persons may have an idiosyncrasy to them or develop an allergy to 
them. So far, these reactions have been minimal with bacitracin. 

SUMMARY 

1. The new antibiotic bacitracin may be used systemically as well as 
locally in the treatment of surgical infections. 

2. Specifications have been set up by the Food and Drugs Adminis- 
tration to safeguard its use in clinical cases. 

3. The results in 105 cases of surgical infections treated by the systemic 
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administration of the new antibiotic have been presented. These represent a 
wide diversity of conditions but for the most part they were cases which 
had failed to respond to the sulfonamides and to the other antibiotics. 

4. There was an overall favorable response in about 70 per cent of these 
cases and, in about one-fifth of these, the results were dramatic. 

5. Of particular interest were three cases of extensive progressive bac- 
terial synergistic gangrene, all of whom responded within 72 hours and re- 
covered without the necessity for surgical excision. 

6. In the three largest groups, namely, “cellulitis”, “deep abscess” and 
“infected accidental wound”, favorable results were obtained in 78 per cent 
of the cases. 

7. In the dramatic group, the causative organisms were for the most 
part in the staphylococcal and streptococcal groups. In the latter classifica- 
tion, were found hemolytic, nonhemolytic, microaerophilic and anaerobic 
streptococci. In a considerable number of staph 5 dococcal strains, we found 
a resistance to penicillin and a susceptibility to bacitracin. 

8. In 14 per cent the results were questionable and in a slightly higher 
percentage, the results were frankly nil. In most of these cases the causative 
organisms were resistant to bacitracin. 

9. In the majority of the patients in the whole series there was a tran- 
sient albuminuria which disappeared either during continued treatment or 
soon after treatment was discontinued. 

10. Some of the later preparations of bacitracin made by the deep tank 
method have shown evidence of nephrotoxicit}'. New specifications will have 
to be drawn up to detect these toxic factors. When the presently available 
bacitracin is used systemically, there should be repeated tests of kidney func- 
tion pathology and treatment should be discontinued if there is any indication 
of serious damage. 

11. However, with doses which are not damaging to the kidneys, favor- 
able and sometimes dramatic results may be expected in surgical infections 
caused by organisms which are susceptible to bacitracin. This covers a wide 
range of bacteria which are commonly found in surgical infections. 
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° Scudi, J. V. and W. Antopol ; “Some pharmacological characteristics of bacitracin.’’ 

Proc. Soc. Exp. Biol. & Med., 64: 503-506, 1947. 

10 Scudi, J. V., I. A. Coret, and W. Antopol : “Some pharmacological characteristics 
of bacitracin. III. Chronic toxicity studies of commercial bacitracin in the dog 
and monke 3 ^” Proc. Soc. Exper. Biol. & Med., 66: 558-561, 1947. 

Discussion. — Dr. E. P. Lehman, Charlottesville, Va. : I want to report briefly on 
some work with bacitracin that is being carried on in our laboratories by Dr. William 
R. Sandusk}' under the guidance of Dr. Melene 3 ^ This work is concerned with the use 
of bacitracin in e.xpcrimental clostriadial infections. The experiments were performed 
b 3 '’ exposing muscle in guinea pigs, crushing it, and closing the wound. After the 
would was closed, varying amounts of Clostridium Welchii were injected into the 
area of damaged muscle and a number of the animals were treated with varying 
doses of bacitracin. 

There were 44 control animals, of wJiich onB' 17 survived. I want to point out 
that 26 animals died of gas gangrene with the usual picture of an enormous^ 
swollen leg and the other phenomena with which we are all familiar. One died of 
other causes. In the 93 animals treated with bacitracin, none died of C. Welchii 
infection. There were 25 deaths from other causes — pneumonia, persistent diarrhea, 
and in one or two instances intestinal obstruction as the result of intussusception. The 
number surviving was 68. Counting in the deaths from other causes the mortality 
rate is 59 per cent in the controls and 27 per cent in the bacitracin treated animals, 
which presents a statistically significant difference. In those animals that died of 
other causes there was no evidence of C. Welchii infection at autopsy. Leaving out 
the animals that died of other causes, there is no mortality in the bacitracin treated 
series and a mortality of 59 per cent in tlie animals that had no bacitracin. 

At the time these experiments were done there was a good deal of disease in the 
guinea pig colon 3 '’ and it is not possible to sa 3 ' that this relatively large number of 
deaths in the experimental series had anything to do with the drug itself. The fact 
chat they did not occur in the other series might suggest that it was a toxic factor 
in the drug, but I should like to hear Dr. Meleney’s comment on that. The results 
in any event appear to suggest strongly that bacitracin has a specific effect in the 
prevention of clostridial infection in the guinea pig. 

Dr. I. S. Ratoin, Philadelphia: I should like to review a few impressions we 
have obtained with the use of bacitracin in the project under Dr. Meleney that Dr. 
Zintel is heading in our clinic. The clinical results of systemic administration of 
bacitracin have been encouraging but there can be no doubt, as Dr. Meleney said, 
and Dr. Lockwood re-emphasized, that bacitracin is nephrotoxic for man. Dr. James 
Mitchie of our Section in Urology has been studying the possibilities of renal injury 
with this substance. Four patients have been extensively studied for evidence of renal, 
hepatic and blood cytology toxicIt 3 '’ and have uniformly shown moderately severe 
renal tubular injury. 

One patient who received 3,744,000 units of bacitracin over a period of 13 days 
had a 66 per cent reduction in tubular function ; one month later the tubular function 
was still 22 per cent below the premedication value. A second patient receiving 200,000 
units of bacitracin daily for 10 days had an 85 per cent reduction in tubular function: 
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12 days after bacitracin was discontinued’ the tubular function was still 66 per cent 
below pre-medication value. The observations of Dr. Meleney and Afiss Johnson, that 
the nephrotoxicity of the bacitracin preparation does not parallel the antibiotic 
potency does suggest, as he has said, that the nephrotoxic factor is not a part of 
the bacitracin molecule. Until improved methods of manufacture eliminate the 
nephrotoxic factor, we must move very cautiously in further systemic use of this sub- 
stance, for there can be no doubt that the renal injuiy' is not a short-lived one in 
many of these patients, but persists over a very considerable time. 

Dr. Champ Lyons, New Orleans: Beginning rather cautiously a year ago 
when this problem was first presented to us, namely, that of deciding between 
bacitracin therapy for penicillin-resistant infections and the extension of other 
methods, we proposed to try combined thcrap 3 ’. We had already begun to vary the 
interval of dosage, and for the past eight months we have routinelj' used a dosage 
of penicillin every eight hours, as prescribed by Dr. Altemeier, with complete satisfac- 
tion to ourselves. 

Instead of treating penicillin-resistant infections with bacitracin, we elected to 
use mixed thrapy, because the evidence in the literature suggests ver}’- strongly that 
any antibiotic of bacillary origin will have inseparablj’^ , produced in that mixture 
some nephrotoxic constituents. Until that problem is solved we have decided not to 
use any antibiotics of bacillary origin. We have used mixtures of penicillin, strep- 
tomycin and sulfadiazine, with an eight hour interval for doses of penicillin and strep- 
tomycin for penicillin-resistant infections with, I believe, quite satisfactor}' results. 

Dr. Frank L. AIeleney, New York (closing) : I appreciate very much the interest 
shown in the presentation, and thank the discussers for bringing up these points. 
Certainly the toxicity of bacitracin is of great importance and concern. I want to 
say a few words to indicate why I think this is not a factor of the bacitracin itself, 
but one of the byproducts of manufacture. In the first place, the material we made 
in our laboratotry with a synthetic medium showed no evidence of toxicitj’’ whatsoever. 

The manufacturers began the preparation of bacitracin with the same method 
which we had used in the laboratory and one of them sent us a small quantit 3 r of 
material which likewise showed essentially no toxicity. However, the yield per cc. 
in this medium was not satisfactory from a commercial standpoint and the manu- 
facturers began using a soy-bean medium. In this medium bacitracin was produced 
in five to ten times as high a titre per cc. All commercial lots so far have been made 
in this medium but, along with the bacitracin, toxic factors came through in the final 
product. However, the material made by the Ben Venue Laboratories by means of 
surface culture in bottles produced only transient albuminuria and temporary rises in 
retained nitrogen. We were becoming quite complacent about the importance of 
toxicity inasmuch as we were able to obtain a clinical response without appreciable 
evidence of kidney damage. Afost of the cases reported in this paper were treated 
with bacitracin from this source. However, recently -we have been using bacitracin 
made by the Commercial Solvents Corporation by the deep-tank method and, while 
we have been told that in all other respects the manner of manufacturing is essentially 
the same, this material is certainly giving more frequent and more prolonged toxic 
S 3 ’mptoms. Furthermore, different lots vary considerably in their toxicity. This is 
true of lots having the same potency titre. We know that the toxicity is greatly modi- 
fied by the salt content. In our animal tests bacitracin dissolved in physiologic saline 
is very much less toxic than bacitracin dissolved in distilled water. 

Bacitracin has not yet been obtained in a pure state but chemical analyses indicate 
that it is made up of a number of amino acids, some of which are natural while 
others are unnatural. The toxicity may likely be in the unnatural amino acids which 
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may be either removable or neutralizable. When bacitracin is put in the ultracentrifuge, 
certain heavy products are carried do\Yn Avhich are toxic, while the bacitracin remains 
evenly distributed. Furthermore, a dializing membrane will hold back certain toxic 
products which are obviously not a part of tlie antibiotic itself. The toxicity problem 
will be ver}”^ intensively studied in the course of the next two or three months. 

It is surprising to me to hear Champ Lyons say that almost all of the infection 
problems can be met by combined therapy of the sulfonamides with either penicillin 
or streptomycin. Certainly man}' infection problems come to me which have failed to 
respond to all of these agents. In fact, many of the cases reported in this paper are 
in this category. Dr. Lehman’s report on the work of Dr. Sandusky with gas gan- 
grene is of particular interest and clearly indicates that bacitracin is able to prevent 
the development of gas gangrene in experimental animals. The late deaths of some 
of the survivors may be indicative of toxicity of this particular lot of bacitracin, or 
it may be due to some factor associated with the culture material used in the injec- 
tion. The control animals did not live long enough to show these late effects. Until 
this toxic problem is solved it is essential that the systemic treatment of bacitracin 
should be administered only in those units which are properly set up for its appraisal 
and in those cases which have not responded to the other available methods for the 
treatment of infections. 





PARALYSIS OF DEGLUTITION - SURGICAL CORRECTION 


Howard C. Naffziger, M.D., Cooper Davis, M.D., 
and H. Glenn Bell, M.D. 

San Francisco, Calif. 

FROM THE DIVISION OF NEUROLOGICAL SURCERV AND THE DIVISION OF St'RGKRV, 
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This presentation has to do with reconstructive work necessary to 
restore the power of swallowing in a patient who has sustained extensive 
cranial nerve injuries. In 1864, Hughlings Jackson ^ called attention to the 
homolateral paralytic association of larynx, soft palate, tongue and muscles 
of the neck, particularly the sternomastoid and trapezius. In 1891, Avellis ^ 
wrote on palate laryngeal hemiplegia, a syndrome which sometimes bears , 
his name. Since then additional articles by Schmidt, “ Tapia, Broeckaert,'^ 
have stressed certain features resulting from involvement of the last cranial 
nerves. 

Particularly Vernet® and Collet^ in 1915 have written on the syndrome 
of the jugular foramen characterized by involvement of the last three or 
four cranial nerves. In 1917 Villaret® used his term, "the syndrome of the 
retroparotid space,” and included lesions of the sympathetic together with the 
last four cranial nerves. From World War I similar injuries have been 
reported. 

case history 

The patient, a white male 43 years of age, presented himself with the complaint 
of an inability to swallow dating from the time of a gunshot wound three years before. 
The wound of entrance of a 38 calibre bullet was alongside of the left ala of the nose 
and from there the bullet had passed directb' back to a position just beneath the scalp, 

1 cm. to the left of the external occipital protuberance (Fig. 1). In its course the 
mandible on the left had been fractured. Tremendous hemorrhage was presumably due 
to division of the internal jugular vein, and he required several transfusions. A long 
period of infection about the jaw ensued and union was considerably delayed; some 
months were required before healing was complete. The bullet had injured and caused 
a paralysis of several nerves (Fig. 2). The anterior two-thirds of the tongue on the 
left was anesthetic from injury of the lingual branch of the trigeminal. Farther pos- 
teriorly, near the jugular foramen, it had encountered and paralyzed the ninth, tenth, 
eleventh and twelfth cranial nerves. As a result of the paralysis of the twelfth nerve, 
the left half of the tongue, in addition to being anesthetic, was atrophic. By reason of 
paralysis of the tenth nerve, the palatal movement on the left v^s absent and the left 
vocal cord was paralyzed so that his voice was hoarse, and the upper, middle, and in- 
ferior pharyngeal constrictors were paralyzed. With paralysis of the eleventh nerve, 
the supply to the left sternomastoid and trapezius was affected. The damage to the 
ninth nerve was responsible for anesthesia of the soft palate, nasopharynx. and pharynx 
on the left. The stylopharyngeus muscle, which is the only muscle supplied by that 
nerve, was paralyzed. 

Since the time of the injury the patient had been unable to swallow. He had 
learned to adjust himself and had become fairly well adapted to this, maintaining a 

* Read before the American Surgical Association, May 29, 1948, Quebec, Canada. 
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fair state of nutrition with a liquid diet and regulai use of a stomach tube. His most 
serious complaint was of strangling from excessive salivation. Since he was unable to 
swallow the saliva, it passed frequently into his larynx. This caused terrific explosions 
of coughing and vomiting, with regurgitation of the material into the nasopharynx and 
through his nose. Even with continued use of such drugs as atropine to lessen the 
amount of secretion, travel in public conveyances was almost prohibited because of 
the frequency and severity of these attacks. The patient was on the point of suicide. 

It was apparent at once that numerous factors contributed to his dis- 
ability. In the act of swallowing, the tongue rises and presses upward and 
backward; the soft palate closes off the nasophar3mx, the larynx rises and 
its opening is covered by the epiglottis as the material passes into the upper 
portion of the esophagus. During and after World War I, occasional reports 



Fig. 1. — Showing course of bullet. 


describing extracranial paralysis of the last four cranial nerves from bullet 
wounds appeared in the literature. We have been unable to find evidence of 
any surgical treatment which corrected such an inability to swallow. 

Beginning with Majendi’s work in 181 3 , various theories of deglutition 
have been advocated. Majendi believed that ingested materials were forced 
from the mouth into the stomach by means of peristaltic-like muscular con- 
tractions of each area through which the bolus passed and that in effect 
the muscles of the mouth, pharynx and esophagus were active agents in 
propelling the food onward. He considered there were three stages : (a) a 
voluntary stage during which the mylohyoid and longitudinal lingual muscles 
contracted and enabled the tongue to propel the bolus past the fruces; (b) an 
involuntary, almost convulsive contraction of the pharyngeal constrictors 
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during laryngeal elevation which forced the material into the upper end of 
the esophagus and finally, (c) a slower, involuntary stage during which the 
bolus was driven along into the stomach by the esophageal circular fibers. 
Tn 1880 Kronecker and Falk^® suggested that fluids and semifluids were 
projected by contraction of the muscles of the mouth (the mylohyoids) 
before the contraction of the pharyngeal and esophageal musculature oc- 
curred, and that this occurred later after the bulk of the bolus had passed 
and served to sweep along the remaining particles. Kronecker reported that 



Fig. 2. — A. Dotted area of altered sensation from injury to inferior 
dental nerve and cervical branches. B. Atrophy of left half of tongue 
(twelfth^ nerve injury) ; deviation of uvula (tenth nerve) ; outline of 
anesthesia (ninth nerve). C. Adducted position of vocal cord (tenth 
nerve). 

at the beginning of deglutition there was a rapid rise of manometric pressure, 
to 20 cm. of water, in the posterior mouth, pharynx and upper esophagus. 
By means of balloons in the pharynx and esophagus, they recorded the 
passage of the peristaltic wave some time after the descent of the ingested 
liquids. 

Cannon,^^ in 1898 and 1900, showed that the act of swallowing varied 
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with different vertebrates and with different consistencies of the ingested 
material. By means of roentgen-ra)^ studies, he came to the conclusion in 
agreement with Kronecker and Meltzcr, that in the human fluids were shot 
directly down to the cardia, mainly by the action of the mylohyoids and not 
by peristalsis, but that the swallowing of solids and semisolids was a slower 
peristaltic-like process. Deglutition in fowls was relatively slow and peristaltic 
and there was no m3dohyoid squirting action. In the absence of such action 
a greater reliance on gravity was noted. For example, in dogs when the 
mylohyoids were denervated, fluids were no longer rapidly squirted into 
the esophagus, but it was necessaiy for the animal to raise its head and 
swallow, after the manner of a bird. In the horse and in man, it has also 



Fig. 4. — Barium scattered bj' coughing. 

been noted that only fluids were sejuirted ahead by the mylohj'oids before 
the peristaltic action occurs. Cannon described human swallowing of a 
solid bolus thus : When the food is sufficiently masticated, it is gathered in a 
depression on the dorsum of the tongue. The tip and lateral aspects of the 
tongue press against the hard palate and teeth, to prevent escape of food 
particles forward and laterally to the mouth and cheeks. Respiration is 
reflexly suspended. The tongue is pressed upward and backward by con- 
traction of the mylohyoid and hyoglossus respectively (Fig. 3 Normal). The 
tongue, thus acting as a piston, drives the bolus first against the downward 
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sloping soft palate, next against the posterior pharyngeal wall, then on 
between this pharyngeal wall and the posterior surface of the upright 
epiglottis, the tip of which lies in contact with the base of the tongue. During 
this phase the action of the palato-pharyngeus muscles has thrown the 
phar 3 mx into a narrow cleft and against this opening the soft palate is 
pulled by contraction of the levator palati, thus blocking entrance of the 
bolus into the nasal chambers. Thus far the esophageal opening has remained 
closed mainly by pressure of the larynx against it. With the rise of the 
hyoid and larynx, the esophagus opens. The epiglottis is pressed back until 
it shuts the laryngeal aperture. Then presumably the tip of the epiglottis 



Fig. S. — Final attachment of the posterior belly of the digastric in the human. 


slips downward along the posterior pharyngeal wall, “pushing the bolus 
probably with a final quick impulse into the gullet.” Whether or not the 
action of the epiglottis is a factor in pushing the bolus is a point that was 
disputed as far back as 1892 by Stuart.^^ Mosher,^® in 1927, published studies 
from which he concluded that the epiglottis acts as a cover for the larynx 
during swallowing. 

Fluoroscopic, studies of our patient by Dr. Earl Miller demonstrated that 
the paralyzed pharyngeal constrictors bulged outward during the swallowing 
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effort and that barium accumulated and remained in the valleculae of each 
side of the base of the epiglottis. It was also apparent that the epiglottis 
remained upright and did not pass into a horizontal position to occlude the 
laryngeal opening. The barium trickled down from the A^alleculae on each 
side into the pyriform sinuses and occasionally small flecks passed into the 
larynx. Explosive efforts at coughing followed and observation after this 
showed flecks of the material scattered throughout the pharynx and in the 



Fig 6 — Fascial support of the lateral wall of the phar 3 'nx. 


avrious pockets and in the nasopharynx (Fig. 4). The entire act of swallow- 
ing is so rapid that more detailed anal 3 'sis was impossible. We found it 
necessary to secure more data on the normal act of swallowing before a 
satisfactory analysis could be made of the difficulties of our particular patient. 

We were able to obtain the use of a fluoroscope synchronized with mov- 
ing picture apparatus so that with this cine fluoroscope radiograms of degluti- 
tion could be taken at the rate of 60 to the second. Such studies were obtained 
of a normal individual and then upon our patient. It was possible then to 
study the motions of swallowing at intervals of one-sixtieth of a second and 
to compare the abnormal function with the normal (Fig. 3 Abnormal). It 
became evident that at least one important factor was that which prevented 
the epiglottis from assuming a horizontal position and closing the larynx 
during the act of swallowing. Although the larynx would rise during the 
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act of swallowing, its upward excursion was less than normal. The stylo- 
pharyngeus muscle, which is the only one supplied by the ninth nerve, passes 
down from the styloid process and inserts in tlie region of the larynx between 
the superior and middle pharyngeal constrictors. Its action in drawing the 
larynx upward had been lost through its paralysis. Other contributing 
factors were the bulging of the paralyzed pharyngeal constrictors on that 



Fig. 7. — ^Digastric divided at the sling. Posterior belly sutured to laryngeal cartilage. 


side and atrophy of the tongue. The pressure of the tongue on the epiglottis, 
which carries it down to a horizontal position, was impaired. 

It seemed desirable, then, to reproduce the neurologic lesion in ex- 
perimental animals and endeavor to find a solution for the difficulty. The 
anatomic arrangement in the dog was not suitable, but the macaque was 
found to be an appropriate animal. A similar lesion was produced by 
paralysis of the ninth, tenth, eleventh and twelfth nerves. Following this, 
the animal retained food in its mouth for 12 hours and was unable to 
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swallow. To prevent the lateral bulging of the pharynx, a fascial sling was 
devised which was attached to the prevertebral fascia posteriorly, then 
brought around the lateral pharyngeal wall and attached to the midline of 
the laryngeal and neighboring cartilages. In order to aid the upward move- 
ment of the lar 3 mx during swallowing, the posterior belly of the diagastric, 
which is innervated by the seventh nerve, was attached to the lar}mx to 
substitute for the paralyzed stylopharyngeus (Fig. 5), This was done in the 
animal and was followed by restoration of the abilit}’' to swallow. The 



Fig. 8. — Carotid sheath reflected and sutured to midline to support the pharyngeal wall. 


procedure was then planned for the human patient. (The seventh nerve 
was unimpaired.) 

It was found that the use of a free fascial sling to wrap around the 
pharynx was not required, for by splitting the fascia of the neurovascular 
bundle from in front (Fig. 6) and dissecting away the mesial portion of it 
to its firm attachment to the prevertebral fascia, a free leaf was obtained 
which was then brought forward around ‘the pharynx and fastened to the 
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midline of the larynx and cricoid. This gave firm support to that side of the 
pharynx. The posterior belly of the digastric was then cut loose from its 
junction with the anterior belly and firmly attached to the thyroid cartilage 
(Fig. 7) so that its contraction would cause ascent of the larynx. During 
the postoperative period the patient was taught to so grimace with the lower 
face that the digastric contracted at the instant of swallowing. By this ma- 
neuver, the larynx was elevated and the patient was trained to swallow. It 
has now been over two years since the operation and there has been no 
occasion to have recourse to the stomach tube. Swallowing is sufficiently 
satisfactory that the patient has been able to work in construction camps 
and partake of the more or less rough food which is available. 

Advice, suggestions and help on the anatomic details and studies have 
been given freely by Professor Saunders of the Department of Anatomy. 
Research b}^ the roentgen-ray studies has been carried out b}^ Dr. Earl Miller. 


REFERENCES 

1 Jackson, Hughlings: Loss of Speech, London Hospital Reports, 1 :388-47l, 1864. 

2 Avellis, G. : Klinische Beitriige ziir halbseitigen Kehlkopflahmung, Berl, khnik 40: 

1-26, 1891'. 

3 Schmidt, Moritz: Die Krankheiten der oberen Lnftwege, in Praxis fur die Praxis, 

ed. 2, Berlin, J. Springer, 1897. 

■^Tapia, A. G. : Communication at the Congress of Lisbon, Arch, Internal, de Lar.jm- 
gol., 780, 1906. 

3 Broeckaert, J. : Etude de I’innervation vaso-molrice du larynx, Presse oto-laryngol. 
beige, 6: 145-161, 1907. 

^Vernet, M. : Sur le syndrome des quatres dernieres paires craniennes, d’apres une 
observation personnelle chez un blesse de guerre. Bull, et mem. Soc. med. d. hop. 
de Paris 40 : 210-223, 1916. 

^ Collet, M. : Un nouveau type d’hemiplegie laryngee associee, Lyon Med. 124: 121-129, 
1915. 

3 Villaret, M. : Le S 3 mdrome de I’espace retro-parotidien posterieur, Paris Med. 23: 
430-431, 1917. 

Magendie, F. : Precis elementaire de physiologic, Paris, Mequignon-Marvis, 2: 58-67, 
1816-1817. 

10 Kronecker, H. and F. Falk : Ueber den Mechanismus der Schluckbewegung, Arch. 

f. Physiol. (Leipz) 296-299, 1880. 

11 Cannon, W. B. : The Mechanical Factors of Digestion, London, 'E. Arnold, 11-31, 

1911. 

12 Stuart, T. P. A. : On the mechanism of the closure of the larynx, Proc. Roy. Soc. 

Lond. 50 : 323-339, 1891-1892. 

13 Mosher, H. P. : X-ray study of movements of tongue, epiglottis and hj^oid bone in 

swallowing, followed by discussion of diflicultj'^ in swallowing caused by retro- 
pharyngeal diverticulum, postcricoid webs and exostoses of cervical vertebrae. 
Laryngoscope 37: 235-262, 1927. 

Discussion. — Dr. Max Peet, Ann Arbor: I was much intrigued with this paper 
when Dr. Naffziger kindly allowed me to read it in advance, because I could see appli- 
cations for this procedure in cases other than the very rare gunshot wounds. Occasion- 
ally we have tumors in the posterior fossa which produce almost identical sj'mptoms 
because of paralysis of the vagus and, in some cases, of the Iwpoglossal in addition. 


741 



NAFFZIGER, DAVIS AND BELL 


Annals of SiirRor} 
October, 111-18 


The difficulty in swallowing that these people experience is often their chief com- 
plaint. Many of these patients come to ns so late that, although the tumor can be 
removed successfully, there is no chance for regeneration and, as you see the patient 
months and even j'ears afterward, he begs for something to be done to aid him in 
swallowing. True, most of them do not have as much difficulty as this patient of Dr. 
Naffziger’s, but they do have regurgitation of food into the nasopharynx, sometimes 
it even shoots out of the nose, or down into the larynx, and they liave severe fits of 
coughing. This new operative procedure developed b}' Dr. NalTziger may be of great 
benefit to some of these patients. 

However, it would not be of value in patients having great difficult)' in swallow- 
ing and from whom very large acoustic tumors have been removed, because in such 
cases the 7th nerve has also been destro 3 ’ed. This would preclude the use of the di- 
gastric muscle to elevate the larynx. This Use of the digastric muscle in Naffziger’s 
operation is a very clever method of elevating the larynx. Some other method will 
have to be found in individuals wlio have paralysis of the 7th as well as the 10th 
nerve. 

I am particularly pleased to have this clear elucidation of the act of swallowing, 
a complicated procedure which was not understood before this splendid demonstration. 
The application of this special x-ray camera, taking pictures at one-sixtieth of a sec- 
ond, clearly demonstrates the actual process of swallowing. I am not sure of how 
much importance paralysis of the stylophar 3 ’ngeus muscle is. Certainly in individuals 
with glossopharyngeal neuralgia we do not hesitate to din'de the entire 9th nerve in- 
tracraniall)', which would include its motor branch to the stylopharyngeus muscle. 
These individuals do not have an)' difficult)' in swallowing. I have divided both 9th 
nerves for bilateral glossopharyngeal neuralgia and no impairment in swallowing was 
evident. Perhaps the stylopharyngeus in the normal individual does act as the chief 
elevator of the larynx. However, in individuals with this muscle paralyzed, but with- 
out any other intracranial pathology, other muscles probably take over that function. 
In the case described by Dr. Naffziger the paralysis was so extensive that no regular 
muscle function could be substituted. 

I do not know what other muscle could be used in place of the digastric to ele- 
vate the larynx, but certainly the fascial sling Dr. Naffziger devised to hold in the 
bulging pharyngeal muscles and prevent the pocketing which held so much food would 
be applicable. I am very much pleased that Dr. Naffziger had this opportunity to 
make such an important contribution. 
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LATE COMPLICATIONS FOLLOWING CRANIOPLASTY 
WITH ALLOPLASTIC PLATES^ 

James C. White, M.D, 

Boston, Mass. 

FRa.M THE NEUROSURGICAL SERVICE, MASSACHUSETTS GENERAL HOSPITAL, BOSTON 

A COLLECTION OF STATISTICS Oil Complications following cranioplasty 
with alloplastic plates was undertaken for presentation at the round-table 
discussion on cranial injuries held at the Clinical Congress of the American 
College of Surgeons in September 1947, under the chairmanship of Dr. A. 
Earl Walker. These have been augmented and further clarified during the 
intervening months. It is a pleasure to express my thanks and appreciation 
to the neurosurgeons of the Army, Navy, and Veterans Administration 
hospitals who have been so helpful in the collection of these data. In answer 
to a questionnaire, case reports were obtained on 151 late complications 
following the insertion of plates of tantalum, vitallium, and acrylic resin, 
which came into standard use in our military hospitals during the War. 

An excellent article on the histor)’- and development of cranioplasty was 
published by Woolf and WalkeN in 1945. They have review'^ed past ex- 
perience with the various technics for grafting bone and cartilage and 
experiments in the use of a great variety of strange materials such as horn, 
ivory, hard rubber, mica, plaster of Paris, etc. Early successful results 
are reported with silver, gold and celluloid. Silver through oxidation be- 
comes mildly irritant; both it and gold are expensive and too soft for 
use in large plates. Silver has the added disadvantage of ultimately discoloring 
the overlying scalp. With the exception of celluloid, used with success by 
Ney^ and Coleman,^ plating with these substances had dropped out of use 
between the wars. 

Tantalum came into use in 1941 after Burke’^ reported its use for buried 
surgical appliances and sutures and after the demonstration of its suit- 
ability for cranial repairs by Pudenz,“ Hook® and Fulcher’’. The first 
use of vitallium for repair of cranial defects was described by Geib®, also in 
1941. The use of methyl methacrylate resin (lucite or plexiglass) was de- 
veloped experimentally by KleinschmidE and adapted to human cranioplasty 
in this country by Gurdjian et aP° and by Kahn’’ in 1943. At the time of 
Woolf and Walker’s review sufficient time had not elapsed to permit an}*- 
survey of late complications from the use of these alloplastic plates which 
have proved to be so convenient for repairing such huge cranial defects as 
can be made by an airplane propellor, shell fragment, or kick of a horse. 
These concave gaps in the skull are unsightly, a source of risk from further 
tratima, and may give rise to much local discomfort and apprehension. Yet 
many questions in connection with their repair remain unanswered. What is 
the best materials to use? When is the best time for its insertion? What 

* Read before the American Surgical Association, Quebec, Canada, Ma}' 29, 1948. 
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are the risks of displacement, late infection, cerebrospinal fluid leaks, 
pneumatocele, and epilepsy ? These questions could not be answered in 1945 
when Woolf and Walker’s report was published. It is of interest also to 
note that plating with alloplastic material was never approved by the 
National Research Council. It has therefore been a stimulating challenge 
to attempt to obtain an answer to the late results of the great number of 
cranioplasties performed in the war two to six years after these plates 
were inserted. 


summary of reported failures 

In July, 1946, Bradford and Livingston’^ reported eight patients seen 
at the Naval Hospital in Oakland who required early removal of tantalum 
plates because cranioplasty had been performed at too early a date in an 
infected field. These repairs had failed to heal and had drained persistently 
from the start. That late breakdown of the scalp was occurring following 
cranioplasty with plates of biologically inert metals and acrylic resin in a 
small proportion of cases first became apparent from a review by Lane 
and Webster’® of the combined experiences at 22 Veterans Administration 
hospitals where 52 plates had been removed prior to April, 1947. In the 
series of 196 patients operated upon on Dr. C. W. Elkins’ service at the 
Newton D. Baker General Hospital and followed by Dr. Thomas Holbrook 
(personal communication) up to their discharge from the Army, 6.1 per 
cent are known to have required removal of plates for secondary infection, 
and a total of 11.7 per cent had complications which required some form of 
surgical intervention. Experience at the Special Military Hospital for 
Head Injuries in Oxford has shown that 8.5 per cent of cranial defects 
repaired by tantalum plates have developed complications necessitating their 
removal in a two-year period of observation. These statistics are based on 
a review of 128 patients in whom 130 tantalum plates were inserted. Lewin, 
Graham, and Northcroft’* were able to follow all but four of these men over 
a minimal period of two years, and have been kind enough to send me a 
copy of their manuscript prior to its publication. Although it has been 
impossible for the Office of the Surgeon General of the Army or the 
Bureau of Medicine and Surgery of the Navy to furnish statistics on the 
total number of cranioplasties performed in our military hospitals, I believe 
it is fair to assume that less than 10 per cent have been unsatisfactory. From 
the 151 reports of late complications summarized in Table I, together with 
the evidence submitted in the Oxford report, we are justified in drawing 
certain definite conclusions regarding the use of plates in the repair of 
cranial defects : 

1. Complications from plates made of tantalum, vitallium, and Ihcite 
occur in practically the same proportion of cases. In Elkin and Holbrook’s 
series these amounted to 10.6 per cent in 66 cranioplasties performed with 
Incite and 12.3 per cent in 130 after plating with tantalum. 
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2. Thin, scarred and inadequately vascularized scalp is likely to break 
down over a plate (Fig. 1 ) . 

3. Poorly fitted plates, or those that have not been securely fixed and have 
slipped, may erode the scalp (Fig. 2). Tlie use of triangular metal points 
for fastening the plate have been a frequent cause of this complication. 
Vitallium or tantalum screws are superior, but even these can become loose 
if the plate has not been properl)^ fitted and exerts constant traction on the 
screw. 



Fig. 1. — Thin, poorly vascularized scalp, which broke down at junc- 
tion of two poorly constructed flaps sutured under tension to cover defect 
over vitallium plate. 

The plate beneath was drilled in hopes that granulations would grow 
through from underlying dura. This failed and plate was finally removed ; 
prompt healing followed. 

Resultant scar was so firm that no secondary plate was needed to 
cover 4 cm. defect in skull. 

(Patient of Dr. J. C. White, U. S. Naval Hospital, St. Albans ) 


4. Plates should be. perforated at frequent intervals to permit escape of 
underlying fluid and its absorption by the lymphatics of the scalp; also in 
order to secure better fixation by fibrous union between the dura and galea. 
A number of surgeons reporting have commented on the frequency of com- 
plications in unperforated plates. In a few instances, solid plates giving 
rise to trouble have been successful!)'’ replaced immediately after multiple 
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drill holes were made. Ulmer reports from the McGuire V. A. Hospital 
(personal communication) that plates, if properly perforated, may even heal 
in place after separation of the overlying scalp. In four complications 
where the scalp broke down because of scar formation and infection, the 
plates “healed over with the assistance of buds of tissue growing up through 
the perforations while the infection was controlled by antibiotics.” 

5. Perforations in the dura-arachnoid may result in leakage of spinal 
fluid around the plate and require secondary repair (Fig. 3). The im- 



Fig. 2. — Large, poorly fitted plate, -whose 
prominent lower edge compressed and eroded 
scalp. Removal of plate and partial closure were 
followed by uneventful but slow healing 

(Courtesy of Dr. Loyal Davis, V A. Hos- 
pital, Hines, Mich ) 

portance of water-tight dural closure to prevent accumulation of cerbrospinal 
fluid under the plate has been emphasized in the Oxford report. Lewin 
et ah'* have even suggested that the presence of a metallic plate may lead to 
excessive secretion. 

6. Plates inserted over the frontal sinus or mastoid may lead to trouble 
if air leaks into the tissue or there is secondary acute infection. Harris 
and Woodhalk® have reported two instances of extradural pneumatocele 
from residual defects of the frontal sinus. I have information on one case 
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of late infection around a supraorbital plate following acute frontal sinusitis. 
In a previous review of complications with 52 plates which necessitated 
removal, Lane and Webster,^® neurosurgical consultants in the Veterans 
Hospital at Dearborn, Michigan, have found that in approximately half 
frontal plates have been at fault (Fig. 4). Furthermore, in 18 of these the 
defect involved the frontal sinus. In those cases reported in Table I in which 
the position of the plate is known, frontal plates gave rise to one-third of 



Fig. 3. — Small defect from imperfect dural closure, which permitted 
persistent reaccumulation of cerebrospinal fluid under vitallium plate. 
After fascial patch plate was replaced. Healing and late result have been 
satisfactory for over two years. 

(Courtesy of Dr. T. I. Hoen, U. S. Naval Hospital, St. Albans.) 
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the complications. The inadvisability of repairing defects which involve the 
frontal sinus and brow ridge is confirmed in this larger series and also in 
the Oxford report. 

7. Trauma to scalp over the plate and also secondary plastic operations 
have resulted in loss of overlying tissue and necessitated removal (Fig. 4). 
In one instance the plate was actually stove in as a result of direct trauma in 
an automobile accident. 

8. There have been a few reports that metallic plates have caused dis- 
comfort on exposure to extreme heat or cold. Figure 5 illustrates such 
a complication with shifting of the loose plate as an added factor. Substitu- 
tion of an acrylic plate securel)' anchored by screw fixation has given a 
satisfactory result. 



Fig. 4. — Erosion of thin tissue over 
brow ridge with infection and exposure 
of tantalum plate, following a secondary 
plastic procedure. Removal of plate and 
evacuation of epidural abscess were fol- 
lowed by uneventful healing. (Courtesy 
of Dr. Loyal Davis, V. A. Hospital, 
Hines, Mich.) 


9. The onset of convulsive seiz- 
ures secondary to cranioplasty with 
alloplastic plates is not a complication 
to be feared. Epilepsy unquestion- 
ably due to the presence of a plate 
has been reported in onl)'^ a single 
case observed by Dr. Hannibal 
Hamlin from the U. S. Naval Hos- 
pital at Chelsea (personal communi- 
cation). In this patient a plate had 
previously been inserted to cover a 
5 cm. defect three months after 
drainage of a cerebral abcess. Latent 
infection developed and the plate was 
removed, but the surgeon made the 
mistake of inserting tantalum foil to 
cover the dural defect. This sailor 
developed severe convulsions. On re- 
exploration the tantalum foil was re- 
moved togetlier with a dense fibrous 
‘scar tightly adherent to underl)dng 
brain. The dural defect was recon- 
structed and "a new tantalum plate 
fitted. He has remained seizure free 
on dilantin for two years. 


In a certain proportion of these 
cases there is no explanation for the 


appearance of swelling and tenderness over the plate months after its 
insertion other than reactivation of latent primary infection. In many of 
these cases it has been obvious that the plate was inserted too early following 
healing of an infected wound. In some roentgen ra)'-s revealed the presence 
of indriven bony fragments and metallic foreign bodies which had not been 
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removed. Dr, T. I, Hoen (unpublished cases seen at U. S. Naval Hospital, 
St. Albans), like Bradford and Livingston, had to remove five of these plates 
in patients in whom cranioplasties had been performed at too early a date in 
advanced hospitals in the Pacific. In addition, Woodhall, Pilcher, German, 
Meirowsky, and others (personal communications) have observed instances 
where cranioplasty was performed at too early a date. It is evident that 
Gardner’s^® suggestion of primary plating at the time of operation for active 



Fig. 5. — Tantalum plate covering defect in frontal bone, which had 
slipped and caused discomfort on exposure to heat and cold. This was 
replaced by acrylic resin plate fixed in place by screws, with satisfactory 
result. (Courtesy of Neurosurgical Service, Cushing V. A. Hospital, 
Framingham, Mass.) 


osteomyelitis and cerebral abscess is a definite departure from sound surgi- 
cal principles. 

Fortunately infection that has developed around these plates has usually 
been mild and osteomyelitis of the exposed bone in the edge of the defect 
has never been a serious problem. In patients where the repairs have broken 
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CASES REPORTED FROM 


U.S.N.H., Chelsea, Mass. 
(Dr. H. Hamlin) 


U.S.N.H., Oak Knoll 6 

(Dr. W. J. German) 


U.S.N.H., St. Albans 10 

(Drs. j. C. White and T. I. Hoen) 

Newton D. Baker Gen. Hosp, W.Va. 23 
(Dr. Thomas Holbrook) 


Aspinwall V.A.H., Pa 2 

(Dr. S. N. Rowe) 

Bronx V.A.H., N.Y 11 

(Dr. E. G. Krueger) 


Crile V.A.H., Cleveland, O. 
(Dr. P. P. Partington) 


Dearborn V.A.H., Mich 

(Dr. G. S. Ilates) 


Hines V.A.H.. Mich 

(Dr. L. Davis) 


Jefferson Barracks V.A.H., Mo. 
(Dr. R. D. Woolsey) 


Kennedy V.A.H., Memphis, Tenn. 
(Dr. A. M. Meirowsky) 


Lawson V.A.H.. Chamblee, Ga. . 
(Dr. G. Ferret) 


Los Angeles V.A.H.. Calif 

(Dr. W. A. Jones) 


McGuire V.A.H., Richmond, Va. 
(Dr. J.L, Ulmer) 


Mendota V.A.H., Madison, Wis. 
(Dr. L. E. Trent) 


Miami Beach V.A.H.. Fla 

(Dr. W. T. Haverfield) 
Minneapolis V.A.H., Minn. ... 
(Dr. H. F. Buchstein) 


Salt Lake City V.A.H., Utah . 
(Dr. R. Harrow) 


Wadsworth V. A. H., Kan. . . . 
(Dr. L. T. Gathman) 


Washington V. A. H., D.C. . . . 
(Dr. H. V. Rizzoli) 


White River Junction V.A.H., Vt. 
(Dr. H.L. Heyl) 


Winter V.A.H., Topeka, Kan. . . . 
(Dr. L. L. Bernstein) 




Wood V.A.H., Wisconsin 

(Dr. D. Cleveland) 


Dr. W. McK. Craig, U.S.N. Hosps. . 


r>T 


Dr. C. Pilcher, Nashville 


Dr. B. Selverstone, U.S.A. Hosps... 
Dr. B. Woodhall, U.S.A. Hosps. 


1 2 1 


Cushing V.A.H., Framingham, jMass, S 5 . . 

(Neurosurgical Service) 


3 .. .. 


14 14 .. 


3 1 .. 


12 10 2 6 


3 .. .. 
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JO COMMENT 
1 Seizures due to cere- 
bral cicatrix around 
tantalum foil used for 
dural substitute. 


11 1 .. 4 


2 1 .. 1 


5 .. .. 3 


3 .. .. 2 


14 1 1 .. 


4 .. .. 1 


S 1 .. 1 


4 2 .. 2 


1 1 . . 


Pt. with abscess mori- 
bund on admission. 
Material: 66 lucite, 
130 tantalum. 


Cortical abscess formed 
under tantalum foil 
used to cover defect 

in dura. 

Cerebrospinal fluid 
leak through dural de- 
fect. Another plate 
stove in by trauma. 


One tantalum plate 
replaced by lucite be- 
cause patient claimed 
disagreeable sensation 
heat and cold. 


One infection due to 
acute frontal sinusitis. 


One plate exposed by 
trauma: one broke 
down because of re- 
tained cotton pledget; 
one poor fit. 


Two epidural granu- 
lomas suggested toxic 
reaction. 


.Abscess caused by re- 
tained loose fragment 

of bone. 

Two non - perforated 
plates replaced at once 
after drilling. 


2 .. 1 


1 .. .. 1 


1 .. .. 1 


5 11.. 


Sharp edge of fixation 
point eroded scalm 
cerebrospinal fluid 
leak around tantalum 

point. 

One plate slipped so 
that it indented dura. 


Death from infection 
following primary 
plating at another hos- 
pital, Patient entered 
moribund with abscess 
under temporal plate. 


151 132 19 35 IIS 14 3 23* 3 4 

• These 23 occurred in 69 cases where the location of the plate was specified, 


2 Successful pedicle 

graft to cover defect. 

3 4 2 i 
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down, simple removal of the plate together with underlying granulations 
and devitalized bone or loose fragments, followed by primary closure (with 
or without brief drainage), chemotherapy and local and systemic penicillin, 
has usually resulted in prompt healing. If the cranial defect has been a 
small one, fibrosis has usually made secondary plating unnecessary, but it can 
be carried out successfully after a delay of six months to a year. Only three 
out of 14 secondary plates have been lost. 

Two deaths have resulted from the insertion of plates which may be 
ascribed to definite errors in surgical judgment. One occurred in a late 
neglected spreading suppuration around a plate inserted overseas. This 
sailor arrived moribund at St. Albans with an underlying intracerebral 
abscess. The other, reported from a Veteran’s Hospital, had had a plate 
inserted immediately following late secondary debridement of osteomyelitis 
and a granulating wound with loose bony fragments. He was discharged 
soon thereafter, but re-entered another hospital in a moribund condition 
from underlying abscess of the brain. Two other abscesses beneath plates 
have been reported from the Veterans’ Hospitals. These have responded 
well to early and adequate drainage. 

LESSONS TO BE DERIVED FROM EXPERIENCE OF WORLD WAR II 

There are certain obvious lessons that we should learn from these 
experiences. Late complications, as shown above, have occurred most fre- 
quently after plating the frontal bone, especially in reconstructions of the 
orbital ridge. To construct and secure in place a perfectly fitting plate in 
this area is a difficult technical feat. In addition, this region is particularly 
susceptible to trauma and infection from the frontal sinus and nasal cavit3\ 
Complications from these sources are likely to occur as long as the patient 
lives. Breakdown of the thin skin in the upper eyelid with infection of the 
plate occurred in one nervous individual who picked at a prominence over 
the edge of his plate while studying. Reconstruction by bony grafts is not 
as likely to make trouble on these scores, and I think we should consider 
a change in policy in this type of cranioplasty. From what I have learned 
from this review I shall henceforth use grafts of autogenous bone for repair 
of the orbital ridge, but continue to use metallic plates for covering extensive 
defects in the frontal bone above the level of the sinus. 

When swelling and tenderness have developed after an apparently suc- 
cessful plating, treatment by aspiration and penicillin have occasionally 
been followed by subsidence of infection when the organism has been peni- 
cilliii sensitive and there has been no other predisposing factor such as 
slipping of the plate, inadequate circulation of the scalp, or communication 
with the frontal sinus. In the presence of a granulating sinus with exposure 
of the underlying plate, it is usually best to sacrifice the plate without delay, 
although in 26 cases of this series chemotherapy and plastic procedures have 
been followed by ultimate healing. I would recommend immediate removal 
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of any plate which is grossly infected or has underlying loose bone or 
metallic fragments to avoid the risk of infection penetrating the dura and 
serious risk to the patient or unnecessarily prolonged hospitalization. Time 
in hospital can be saved by taking out the plate and replacing it at a later 
date if so desired. In the case of small plates underlying fibrosis will often 
result in sufficient rigidity to make this unnecessary. 

With the possible exception of repair of the brow ridge and defects in 
direct contact with the frontal sinus, I see no reason why .we should return 
to the use of grafts of autogenous bone. Two deaths have followed tlie in- 
judicious insertion of metallic plates in the stage of active infection, but no 
other fatal complications have been reported. Grafts of living bone are more 
difficult to insert and the cosmetic result after covering extensive defects is 
never as satisfactory. Reactivation of latent infection may also take place 
after their use. If even minor sepsis develops, the grafted bone will be lost, 
which has not been universally true of metallic plates. In addition these 
grafts occasionally soften and lose their shape after an apparently successful 
take (Ney-; Grant and Norcross’"). 

If alloplastic plates are to be used, what material is best? Experience at 
Newton D. Baker General Hospital (C. W. Elkins and T. Holbrook, per- 
sonal communication) aiid my personal observations at the U. S. Naval 
Hospitals at Chelsea and St. Albans and the Veterans Administration Hos- 
pitals in New England have shown that tantalum, vitallium, and acrylic resin 
give rise to complications of the same -order and frequenc}'. Tantalum is 
by far the easiest to process and fit at the time of operation. I have pre- 
ferred it for this reason to vitallium and lucite, which once cast can only be 
subjected to minor alterations. In epileptic subjects, however, the roentgen- 
ray translucent lucite plates should be used to permit subsequent study by 
air injection if the seizures continue. 

It appears advisable not to attempt a primar}' repair after craniocerebral 
trauma, but to wait for at least two months if the wound heals by first in- 
tention. If there has been initial infection, plating should be deferred for at 
least six months, and longer in cases of infection with penicillin-resistant 
bacteria. Even greater conservatism should be used in cases where the first 
plate has had to be removed. In those extremely rare instances where in- 
fection has developed a second time, as well as in primary repair of defects 
involving the frontal sinus, the substitution of bone for metal should be 
considered. Thin grafts of cancellous bone taken from the iliac crest, rec- 
ommended by Mowlem^® and Carmody^®, are especiallj'- well adapted for the 
repair of troublesome defects in the cranial vault. In all secondar)'^ cranio- 
plasties it is extremely important that the overlying scalp be revised to 
eliminate areas of thin scar and deficient circulation. Leaks in the dura- 
arachnoid or communications with the frontal sinus must be searched for 
and closed; the plate, if reinserted, must be a perfect fit and fastened so 
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securely that it can never slip. All such operations should be followed by 
intensive use of both antibiotics and the sulfa compounds. 

Insertion of metallic plates should be postponed for a long period in 
subjects who are likely to develop epilepsy. This complication, of course, 
most frequently occurs after deep wounds with dural penetration, indriven 
bony spicules or metallic fragments, and added sepsis. In these it is obvious 
that cranioplasty should be deferred because of the risk of reactivating in- 
fection. It would seem wise under these circumstances to wait at least a 
year and then to use roentgen ray transparent plates of acrylic resin, if 
there has been an)'- history of seizures or evidence of an epileptogenic focus 
in the electroencephalogram. If this precaution is neglected, late epilepsy 
developing in the presence of a cerebral cicatrix and resistant to anticonvul- 
sant drugs may necessitate removal of an otherwise satisfactory metallic 
plate in order to permit investigation of the cicatrix by pneumoencephalo- 
graphy. 

CONCLUSIONS 

The task of evaluating late complications following cranioplasty has been 
an interesting one. It is evident that a considerable number of alloplastic 
plates have led to complications (151 cases collected to date). The great 
majority of these have not been serious. Plastic closure of the defect in the 
scalp supplemented by chemotherapy in 35 cases and removal of the plate in 
the others has resulted in uncomplicated healing in 1 14. In four cases where 
plates were injudiciously inserted in septic fields infection spread through 
the meninges with cerebral abscess formation and death in 2 of the patients. 
Epilepsy has not resulted from the proper use of plates. 

The majority of complications due to latent foci of infection have prob- 
ably made themselves manifest by now, but a certain small number of pa- 
tients with plates are liable to trouble as long as they live. This may fol- 
low trauma and laceration of the overlying scalp or infection from the 
underlying frontal sinus or mastoid. Under this circumstances grafts of 
living bone would presumably be tolerated better. Complications of this 
sort have been rare. 

The most common complication after cranioplasty is infection or necro- 
sis of the overlying scalp. This may occur after grafts of living bone as 
well as after insertion of plates of biologically inert metal or acrylic resin. 
In addition, grafts of bone may soften months or years after an apparently 
successful take. The causes of failure after plating and precautions neces- 
sary to prevent it have been discussed. The facts disclosed appear to jus- 
tify the conclusion that a safe, simple, and satisfactory repair of a large 
cranial defect can be accomplished better and with no greater risk by an 
alloplastic plate than by grafts of cartilage or bone. When the cranial defect 
involves the frontal sinus, however, a return to the use of grafts of living 
bone is recommended. 
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Dr. Wilder Penfield, Montreal ; I think Dr. White has done well to call atten- 
tion to the necessity of observing surgical principles in tlie handling of plates and 
foreign bodies. It is necessary to be particularly careful of the ordinary surgical 
principles when dealing with a foreign body. One must be quite sure that the danger 
of infection is passed, that the circulation of the scalp and underlying dura is ade- 
quate. In our experience we have felt it better to close the dura, not to use any 
foreign body to fill in the dural defect, but to make sure that there is as nearly as 
possible complete closure of the dura so that there will be no connection between .the 
spinal fluid and the plate. It is true that plates do not produce post-traumatic epilepsy 
so far as one can tell, and yet we have seen a good many patients in whom post-trau- 
matic seizures began very shortly after insertion of a plate which was put in, often 
for reasons that are difficult to determine. When a man is getting along quite well 
with a little hole in his skull, he or his wife or someone wants it closed. I think we 
should be quite strong against such closure unless there is good purpose in it. I feel 
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that the use of tantalum plates is a real step forward provided proper principles are 
observed. 

Another use for which we have found tantalum satisfactory is the following: 
We cut small disks not bigger than a button to go into the trephine or burr holes. 
That prevents eventual absorption and avoids excavation which otherwise appears in 
the scalp. Such indentations in the bald scalp of a friend, I have found very em- 
barrassing. When bone disks or chips are used the telltale excaration always appears. 
Tantalum disks avoid that. The smaller the foreign body the less likely it is to give 
rise to trouble. I have seen many of these plates inserted that were much larger than 
need be. If the size is minimum the subsequent complications are reduced to a 
minimum. 

Dr. Howard Naffziger, San Francisco: This presentation of Dr. White’s in- 
cludes a good many of the points stressed b 3 f our President in his address. Tantalum 
plates have a place, but I think they do not have as many places as are found for 
them. A good deal of the work in Veterans Hospitals in the neurosurgical line has 
had to do with removal of these plates as well as removal of the tantalum material 
placed about peripheral nerve suture lines. 

In connection with the last point Di. Penfield mentioned I would like to suggest 
that for small defects the use of mesh screen of tantalum or stainless steel is useful. 
This need be not much larger than a postage stamp, perhaps twice the size, There is 
a minimum of foreign material, the soft tissues grow through, and the cosmetic effect 
is good. As good, I believe, as with solid material. It can be shaped with scissors 
at the table and be put in in a moment. We have used this for several years to cover 
small defects that would otherwise be visible. 

Dr. Gilbert Horrax, Boston (closing) : I want to thank Dr. Penfield and Dr. 
Naffziger for discussing this paper, and I agree with them both in the things they 
have brought out. I was brought up in a school which did not believe in cranioplasty 
of any kind. I saw Dr. Cushing put in only one metal plate in 20 years and I think, 
as a matter of fact, that that had to come out. Any defects which were apparently 
conspicuous we occasionally filled in with bone. Bone does not make as neat and 
as nice a covering as tantalum, however, and I think in cases such as those mentioned 
by Dr. Penfield and Dr. Naffziger there is a definite place for this type of material, 
because it does make a very perfect contour of the skull such as it is impossible to 
get with any type of bony material.. 
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THE CLINICAL ASPECTS OF CHRONIC THYROIDITIS “ 
Hom'ard Pattehson, M.D, 

AND 

George Starkey, M.D 
Ne\v York, N. Y. 

FROM THK surgical SnRVICH OF THE FOOSfVFLT HOSPITAL 

Chronic thyroiditis is not a rare disease, altliougli any one surgeon 
nay see few cases. Our excuse for reviewing the clinical aspects steins 
:rom our very low percentage of correct preoperative diagnosis, and the 
fact that we at times failed to recognize the pathology even when exposed at 
operation. We believe that chronic thyroiditis is not to be classed as a patho- 
logical curiosity, that it is an important matter from the clinical standpoint, 
and that it is most important for the patient that the situation is fuliv recog- 
nized at operation. Surgical sins, in this connection, are usually tliose of 
commission rather than omission, that is, too much is done. W'^e were anxious 
that our Interne and Resident group be made well aware of this condition, 
and that our Attending Staff should aim at a higher percentage of correct 
preoperative diagnosis. We therefore reviewed 34 case records of thyroiditis 
from the Surgical Service at Roosevelt Hospital, and would like to present a 
few brief observations in regard to them. 

We are not concerned with acute thyroidiris, (with or without suppura- 
tion), nor with specific infections such as syphilis, tuberculosis, actinomycosis, 
etc., but only with the obscure so-called “non-specific” chronic thyroiditis. 
Many excellent reviews of this general group are to be found, but nearly all 
deal largely with histopatholog)^ and etiolog)^ ’■> Most cases fall readily 
into three subgroups: (1) The struma lymphomatosa of Hashimoto’- (oc- 
curring about once in every hundred routine thyroid operations). (2) The 
struma fibrosa, described by RiedeP” more than 50 years ago (somewhat less 
common than the first group), and (3) the rarer giant cell t 3 'pe of De Quer- 
vain^®. Much argument has been advanced to the effect that all these repre- 
sent different phases of the same process, but the facts do not support this 
view and it seems to us that the division is clinically sound and useful. We 
have omitted the eight cases of acute thyroiditis (two with suppuration) from 
our group for this study, and also two cases in which the lymphoid changes 
in tire gland .were marked but still focal, leaving only 24 cases of undoubted 
chronic non-specific thyroiditis for detailed appraisal. We would like to of- 
fer a brief review of the features of each of the three groups. 

For a complete picture of Hashimoto’s disease one should read Job’s 
superb Hunterian lecture on the subjecF"*. The condition is characterized by 
a diffuse Ijmphocytic involvement of the th)Toid gland, with germinal cen- 
ters, and widespread destruction of the thyroid cells. (One sees focal lym- 

Read before the American Surgical Association, Quebec. Canada, May 29, 1948. 
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phoid accumulations in maii}^ cases of Graves disease, and in other thyroid 
conditions, but careful study easily differentiates these glands from the 
Hashimoto group.) Hashimoto’s disease is extremely rare in males, and oc- 
curs chiefly in women at or near the menopause. It seems to be a degenera- 
tive process, rather than inflammator3^ Adhesion to surrounding structures 
does not occur. The thyroid is usually diffusely enlarged, and the patient 
has some discomfort and a sense of “fullness.” Pressure symptoms are mild. 
There is apt to be early myxoedema, although it is likely that, in the very 
early stages, there may be a transient hyperthju-oidism. The thyroid, in Hash- 
imoto’s disease, is firm but not hard, is grayish pink in color, and finely lo- 
bulated, but does not contain distinct nodules. Its cut surface is yellowish. 
Among our 11 patients with the Hashimoto type of thyroiditis the usual 
story was that of slight discomfort, often intermittent, and usually more 
definite on one side than the other. In some the glands were quite large ; in 
nearly all they were larger than normal ; but in one case the size was within 
normal limits. We, often felt sure, before operation, that one or both lobes 
were nodular, but the findings at operation revealed true nodularity in only 
one case. The lobes often resembled very large lymph nodes. The blood 
supply was usually less than normal. In one case, presenting a large diffuse 
struma lymphomatosa, lymphosarcoma followed partial resection after sev- 
eral months. Even in retrospect, the original sections were puzzling. This 
sequence is very rare, but has been reported by others”. 

After a positive diagnosis, roentgen-ray therapy may be given with good 
results. Our own practice has been a symmetrical conservative type of re- 
section. Extensive resection is unnecessary and unwise. In any event th}^- 
roid feeding will probably be needed. 

Riedel’s disease, or struma fibrosa, occurs in both sexes, but predom- 
inantly in women. It seems to be inflammatory in origin and the process 
spreads over the gland like a slow fire. The uninvolved portion of the 
thyroid is apt to be normal, and fairly normal thyroid function is thus pre- 
served. The involved portion is pale and stony hard, presenting dense 
masses of fibrous tissue, and it is usually very adherent to the surround- 
ing structures. This feature causes the trouble and the story is one 
of constriction. Freeing of the trachea, by tedious and careful excision of 
the isthmus, is often indicated — no more need be done, but the condition is 
often confused with malignancy and unwise and harmful surgery may follow. 
In Riedel’s original case a false impression of malignancy was gathered. He 
attempted total extirpation but soon abandoned the idea due to technical dif- 
ficulties, and was amazed that the patient continued to live and prosper. One 
of the early patients in our own series did not fare so well, for the impression 
of malignancy led to a total extirpation, with permanent loss of recurrent 
nerve and parathyroid function. If the frozen section diagnosis is doubtful, 
one ^;hojuld wait for permanent sections before further surgical removal is 
undertaken. 
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The rarer type of thyroiditis, the giant-cell type of De Quervain^®, also ap- 
pears to be of inflammatory origin. The patient is likely to have real pain. 
Involvement of the thyroid is limited to certain areas and there is some ten- 
dency to adherence to surrounding structures. The gland is not stony hard 
as in the Riedel type The nature of the giant cells has been a matter of 
much dispute^- ® The pictuie may closely simulate tuberculosis and has been 

Fig 1. 



Fig 2 

Fig 1 — Tvo t\pes of Riedel’s disease, from Joll’s book Diseases of The Thyroid 
Gland : On the left, adherent muscle, and thyroid tissue “choked” by dense whorls of 
hard vhite fibrosis On the right, the gradual slow progression of the process, with 
normal thjroid remaining at the loiver pole 

Fig. 2 — Gioss specimen of lobes from our Case 1. The picture, both gross and 
microscopic, ^\as typical of Hashimoto’s disease Several months later the remnants 
began to grOM rapidly, having become h'mphosarcoma 
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called “pseudotuberculous thyroiditis.” In the two cases of this sort in our 
series the pathology was confined to the right lower portion of the thyroid 
gland. It caused considerable discomfort with tracheal irritation. In one the 
frozen section diagnosis was neoplasm. Only a conservative resection was 
done and the permanent sections indicated the proper classification. She has 
remained well for more than 13 years. Recent reports indicate that roentgen- 
ray therapy, following a positive diagnosis may be the treatment of choice in 
this type®. 

CHRONIC NON-SPECIFIC THYROIDITIS 
CASE HISTORIES 

Case 1. — A. S. : A 30-year-old white female entered the hospital, with present- 
ing symptoms of diffuse swelling of the anterior neck, difficulty in respiration, 
and some pain of one month’s duration. Physical examination showed marked 
sj’^mmetrical enlargement of the thyroid gland without fixation to the surroilnding 



Fig. 3. Section from Case 1, showing what we thought to be an extensive Hashimoto 
type thyroiditis. The thyroid remnants soon became lymphosarcoma. 


structures. There was no evidence of toxicity. BMR was normal. Preoperativc 
diagnosis was diffuse non-toxic goiter. Treatment was subtotal thyroidectomy 
eaving large remnants. The postoperative diagnosis was Hashimoto’s struma. 

rnade by three different competent pathologists. (Fig. 2, 3.)' 
it in a few months this patient died in another hospital of generalized lympho- 
sarcoma, known to involve the thyroid gland, the neck, the mediastinum and 
abdomen. 

Case 2. M. L. : A 50-year-old white female entered the hospital with the pre- 
senting symptoms of pain and fullness in the right anterior neck, of 18 months’ 
duration. Physical examination revealed a firm, tender nodule in the right lobe 
of the thyroid gland. The patient had been suffering from low grade hypothy- 
roidisrn and had a BMR of minus 9. The clinical diagnosis was thyroiditis. The 
operation was partial thyroidectomy, of a conservative type. The postoperative 
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diagnosis was Riedel’s struma. The patient has been well since the operation 
and has no complaints. 

Case 3. — J. D. : A 50-year-old white female entered the hospital with the 
presenting symptoms of enlargement of the right side of the thyroid, associated 
with pain of about 14 months’ duration. Physical examination revealed a gland 
which was rather firm. The BMR was plus 9. The preoperative diagnosis was 
diffuse goiter, questionably toxic. The operation was subtotal thyroidectomy. 
Postoperative diagnosis was Riedel’s struma. (This patient had had a mastectomy 
in Warsaw in 1939 for carcinoma of the breast.) 

Case 4. — D.M. : A 53-year-old white female entered the hospital with the 
presenting complaint of a lump in the lower anterior neck of one year’s dura- 
tion. Physical examination revealed a firm, symmetrical, smooth thyroid gland 
about twice normal size. This patient had slight lidlag and the left eye was weak 
in convergence. The preoperative diagnosis was diffuse, mildly toxic goiter. Treat- 
ment was subtotal thyroidectomy. It is interesting to note that the thyroid gland 
extended most of the way around the trachea and the gland tissue removed weighed 
108 Gm. In spite of this the patient had no symptoms of pressure. The post- 
operative diagnosis was Hashimoto’s struma. (Fig. 4.) 

Case 5. — N. S. : A 62-year-old white female entered the hospital with the 
chief complaint of a mass in her neck of about two months’ duration. Physical 
examination revealed a firm, ovoid mass in the left side of the neck which was 
not tender. This patient had been suffering from chronic sinusitis for many years. 
The preoperative diagnosis was non-toxic nodular goiter. Treatment was excision 
of a firm nodular area in the lower pole of the left lobe of the thyroid gland. 
Postoperative diagnosis was Hashimoto’s struma. The patient has been well 
since her operation with no complaints referable to the thyroid gland. 

Case 6. — I. D.: A 51-year-old white female entered the hospital with the 
following complaints; swelling in the neck and pressure in the back of the throat 
of eight weeks’ duration. Phj’^sical examination revealed a firm swelling in the 
right lobe of the tyroid. The BMR was minus 21. Preoperative diagnosis Avas 
non-toxic nodular goiter. The treatment was subtotal thyroidectomy, with the 
removal of only a small amount of each lobe. The postoperative diagnosis was 
Hashimoto’s struma. Since the operation the patient has been taking thyroid 
extract, grains ll4 every day, and has continued to be somewhat unstable emo- 
tionally, as .she Avas preoperatiA^ely. A BMR repeated six months after operation 
Avas minus 28. 

Case 7. — M. S.: A S2-year-old Avhite graduate nurse entered the hospital Avith 
the chief complaint of sAvelling in the anterior neck, particularly on the left, asso- 
ciated Avith difficulty in SAvalloAving, of four days’ duration, plus some hoarseness 
for the same period of time. Physical examination revealed an enlargement of the 
left lobe of the thyroid Avith some definite tenderness. The BMR Avas minus 11. 
The diagnosis at this time aa^s acute thyroiditis and tonsillitis. The patient Avas 
treated Avith AA'arm saline gargles and penicillin but this did not give complete 
relief of the thyroid s 3 '-mptoms. Because of the persistence of the sAvelling' and 
the difficulty in SAAmlloAAdng, a left subtotal hemithyroidectomj’-, including the isth- 
mus, AA-as done. At operation it appeared that the trachea Avas shifted to the right 
and the left lobe AA’as enlarged and yelloAvish-pink in color. The diagnosis of 
Hashimoto’s struma AA'as made at operation. It is interesting to note that this 
patient had been bothered for a good many months AAUth chronic tonsillitis and 
that about six months prior to this current hospital admission she had had a 
similar bout of SAvelling in the region of the thyroid. After leaving the hospital 
the patient did A'cry Avell. Her BMR Avas minus 14 tAventy months after opera- 
tion. She has no clinical signs of hypothyroidism in spite of the loAvered basal 
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metabolism. She has worked steadil}’’ except for a few weeks following an 
operation for gallstones. 

\ 

Case 8. — M. G.: A 35-year-old female entered the hospital with the present- 
ing complaints of nervousness, slight pain and swelling in the anterior neck, particu- 
larly on the right, of about six months’ duration. This patient also had mild difficulty 
in swallowing and slight difficulty in breathing during exertion. Physical examina- 

Fig. 4. 



• Fig. 5. 

Fig. 4.— Case 4. Section showing large germinal centers, and infiltra- 
tion ot remaining areas of thj'^roid tissue in Hashimoto’s struma. 

riG. Case 16. Typical section showing Hashimoto tj'^pe thyroiditis. 
It is easy to see why these patients all tend toward myxoedema. 
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tion revealed moderate enlargement of the right lobe of the thyroid gland. Thi.® 
area was slightly tender and firm. The patient had slight tremor of the hands 
and the pulse was 100. The BMR was plus 9. The preoperative diagnosis was 
low grade toxic nodular goiter or possibly thyroiditis. During the operation the 
thyroid looked as if it were involved in a malignancy or a Riedel’s struma. The 
gland was whitish-yellow in color and rather firm. The right lobe of the gland 
was very hard. A right partial thyroidectomy including _ the isthmus was done. 
A frozen section at operation showed Riedel’s struma and so it was decided to 
leave the left lobe in situ. The left lobe was freed from the trachea. Postopera- 
tive diagnosis was Riedel’s struma. Since operation the patient has felt fine but 
has had to take about 2 grains of thyroid extract every day. BMR since operation 
has varied from minus 7 to minus 20. 

Case 9. — E. H. : A S6-year-old white female entered the hospital with the 
following complaints: lump in the right thyroid lobe, nervousness, weight loss and 
occasional tenderness in the right lobe of the thyroid for about 6 months. Phys- 
ical examination revealed a diffusely enlarged right lobe of the thyroid with a 
hard nodule in the region of the isthmus. The entire gland was quite firm. BMR 
was plus 2. A preoperative diagnosis was nodular, non-toxic goiter, with other 
choices of malignancy and Riedel’s struma. The treatment was conservative bi- 
lateral partial thyroidectomy. At operation the gland was pale, firm and rather 
avascular in appearance. It was yellowish-gray in cross section with islands of 
what appeared to be normal thyroid tissue. Postoperative diagnosis was Riedel’s 
struma. The BMR 6 years after operation was minus 27. The patient feels 
somewhat tired but has no other definite symptoms of hypothyroidism. The pa- 
tient has been advised tp take thyroid extract but has refused to do .this. 

Case 10. — E. L. : A 21-3'ea’'-old female entered the hospital with the follow- 
ing complaints: a lump in the neck of five months’ duration, pain in the neck of 
two months’ duration, laryngeal stridor, dysphagia, cough, hoarseness and chronic 
pharyngitis of seven weeks’ duration. This patient had had osteomyelitis of the 
jaw one and one-half years ago. This patient had been treated in another hospital 
seven weeks prior to entry here. The treatment in the other hospital was directed 
towards her pharyngitis. BMR on admission here was minus 19. The preopera- 
tive diagnosis was Riedel’s struma. Treatment was division of the isthmus of 
the thyroid with removal of the isthmus and a wedge of each lobe of the thyroid 
gland. The gland was adherent to the surrounding tissues and frozen to the 
trachea. This patient’s preoperative tracheal constriction was so severe that a 
tracheotomj^ was considered at the time of operation. 

Case 11. — K. S.: A 20-year-old white female entered the hospital with the 
following complaints: diffuse swelling of the anterior neck, and slight prominence 
of the eyes of several months’ duration and menorrhagia of five years’ duration. 
Physical examination revealed bilateral firm enlargement of the thyroid gland to 
three times normal size. The BMR was plus 13. The treatment was subtotal thy- 
roidectomJ^ Preoperative diagnosis was diffuse toxic goiter of mild degree. Post- 
operative diagnosis was Riedel’s struma with some areas of moderate hyperplasia 
of the gland. 

Case 12. — H. W.: A 43-year-old white female entered the hospital complain- 
ing of intermittent hoarseness and choking associated with painful swelling in the 
left side of the neck anteriorh'. There -was also discomfort in swallowing. Phys- 
ical examination revealed moderate enlargement and irregularity in shape and 
consistency of the thj'roid gland. The left lobe was larger than the right and 
there were some dilated veins over the anterior neck. The BMR was minus 10. 
Preoperative diagnosis was non-toxic nodular goiter. Treatment was lelt subtotal 
thyroidectomy with removal of the isthmus. Postoperative diagnosis was Hashi- 
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motors struma. Since operation the patient has had occasional discomfort in the 
neck, but no evidence of hypothj’-roidism and no thyroid extract has been required. 

Case 13.— E. M.: A 47-year-old white female entered the hospital with the 
chief complaint of a lump in the thyroid region, some hoarseness necessitating the 
frequent clearing of the throat, irregular menses of four years’ duration, weight 
loss and slight increase in nervousness. All of this was of two years duration 
except the prolonged irregular menses. Ph 3 'sical examination revealed diffuse 
enlargement of the thyroid gland, most marked in the region of the isthmus. The 
BMR was minus 13 preoperativel 3 ^ The preoperative diagnosis was non-toxic 
nodular goiter. Treatment was total th 3 woidectomy with tracheotomy. It is in- 
teresting to note that the operator believed he was dealing with an extensive 
thyroid carcinoma. In cross section the gland Avas grayish-white, and contained 
hard nodular areas. The right lobe was quite adherent to the trachea and sur- 
rounding muscle. The frozen section at the time of operation seemed to indicate 
a carcinoma of the thyroid. Upon leaving the hospital the patient had a com- 
plete left cord paralysis and a slight^'’ parab'zed right cord. The final pathological 
diagnosis was Riedel’s struma. 

Case 14. — A. H.: A 49-year-old white female entered the hospital with the 
chief complaint of a pulsating mass in the right neck of six- 3 '^ears’ duration. 
Physical examination revealed a diffuse enlargement of the thyroid gland most 
marked on the right. BMR was minus 14. Treatment was subtotal thyroidec- 
tomy. At operation a large nodule of the right lobe of the th 3 ''roid gland seemed 
to move Avith each pulsation of an underlying atypical carotid artery. The artery 
Avas not dilated. The postoperatiA’-e diagnosis A\'as Hashimoto’s struma in an in- 
voluted nodular th 3 ’^roid gland. After leaving the hospital the patient had no 
complaints and has not needed an 3 ’- th 3 '^roid extract. Her BMR Avas plus 1 sCA’^en 
months postoperatively. 

Case 15. — A. T. : A 40-year-old Avhite female entered the hospital complaining 
of a mass in the thyroid of 20 years’ duration, Avith a slight increase in its size 
in the last fcAV months. Physical examination revealed a rounded firm enlargement 
of the right lobe of the thyroid. The gland Avas freely movable. Preoperative 
diagnosis was thyroiditis, a first choice because of the firmness and tenderness 
of the thyroid gland, with neoplasm as second choice. Treatment Avas right par- 
tial thyroidectomy, and release of the left lobe of the thyroid from the trachea. 
Postoperative diagnosis was Hashimoto’s struma. (Fig. 5.) After leaving the hos- 
pital the patient has had very low grade hypothyroidism. She is otherwise well. 

Case 16.— S. T.:A 45 -year-old-Avhite female entered the hospital with the 
following complaints; lump in the anterior neck of one year’s duration, fatigue 
and dyspnea of tAvo years’ duration, dysphagia of one year’s duration. Physical 
examination revealed a rather diffusely enlarged thyroid gland most pronounced 
on the right behind and below the clavicle. BMR was minus 27. Preoperative 
diagnosis was adenoma of thyroid. Treatment was right subtotal thyroidectom 3 ^ 
Postoperative diagnosis was Hashimoto’s struma. 

Case 17. ^A. T. : A 71-year-old white female entered the hospital with the 
folloAving complaints: constant irritation of the throat with constant desire to 
clear it, cough, fullness in the anterior neck and variation in the size of the SAvell- 
ing of six months’ duration. Physical examination revealed firm areas in the 
right lobe and isthmus which were not very mobile. Preoperative diagnosis was 
first,^ carcinoma of the thyroid, and second Riedel’s struma. Treatment was right 
partial th3'roldectomy with removal of a wedge of tissue from the left lobe and 
freeing of the left lobe from the trachea. The lower pole of the right lobe was 
adherent to the trachea in the region of the right recurrent laryngeal nerve. Post- 
operative diagnosis AA'as chronic th 3 woiditis of the DeQuervain type. Since leaving 
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the hospital the patient has been well except for a long standing high blood 
pressure. She has been followed for 14 years since operation. 

Case 18. — B. S.: A 50-year-old white female entered the hospital with the 
complaint of swelling and pain in the thyroid region. The patient had lost 20 
pounds weight, was nervous and perspired a great deal. She had also had amenor- 
rhea for the past six months and other associated menopausal sj^mptoms. BMR 
preoperatively was plus 11. Preoperative diagnosis was mildly toxic nodular 
goiter, or carcinoma of the thyroid. Treatment was’ right partial th 3 'roidectomy. 
At operation the right lobe was very hard and j'-ellow but not adherent. Because 
of the large giant cells and the similarity to the picture of tuberculosis, the pathol- 
ogist M'as prompted to do several sections and stained them for bacilli but none were 
found. (Fig. 6.) The postoperative diagnosis was chronic thyroiditis of the 
DeQuervain type. 

Case 19. — C. W. : A 73-3mar-old white female entered the hospital with the 
chief complaint of a “lump” in the neck of tAvo months’ duration. Phj’^sical exami- 



Fig. 6. — Section from Case IS, near the advancing edge of the process. Riedel's 
disease closely resembles this type, but it really belongs in the “giant-cell” or “Pseudo- 
tuberculous” thj'roidits group. 

nation showed two firm areas in the tliAmoid gland. BAIR Avas plus 7. The patient 
had had an upper respiratory infection and had it at the time of entry. Preopera- 
tive diagnosis AA^as non-toxic nodular goiter. Treatment Avas subtotal thyroidec- 
tomy. At operation the gland Avas A’ery hard, nodular and graJ^ Frozen section 
was done at this time because the gland looked as if it might be the seat of a 
primarj' neoplasm. This patient had had a historj' of intermittent ceiwical adenitis 
of manj" months’ duration prior to this hospital entry. Postoperative diagnosis 
Avas Riedel’s struma. BAIR preoperatAwly AA'as plus 7. Tavo months’ postopera- 
twcK it Avas minus 17 and the patient aa'ES taking one grain of thyroid extract 
every daj', but had no obAdous sj'mptoms of hypothroidism. 

Case 20. — C. F.: A 21-year-old Avhite^ female entered the hospital Avith the 
chief complaint of a painful mass in the anterior neck of one year’s duration. 
Physical e.xamination rcA'ealed a firm SAvelling of the thj'roid gland most marked 
on the right. The patient had allegedly lost 20 pounds. BAIR Avas minus 18. Pre- 
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chief compdaint of an enlarged thp-rold or 1? o-ears’ d-nratlon with a two rrtontbs* 
^tor;.' of a rather sadden Increa-e In the size, Php'slcas examlnatior. revealed an 
enlarged, rather Irregular thp-rold, partlcnlarlp- on the right. There was no ap- 
parent pain. EUR -,vas ml.nus 5. Preop-eratlve diagnosis was non-toxic nodular 
goiter. The ojieratlon -.va= hlopsv of the right looe and e.xc3s:on of the Isthmus 
fdu- a *,vedge'=hapyed excision of each lobe In the region of the trachea. fFIg. S.) 
At operation, the muscles v,'ere verv' adherent to the gland. The trachea was 
fr'-ed with dlfhcult;.', Po=toperatIve diagnosis was Riedel's struma. Since opera- 
tion the patient ha^ been svell and =he has had no complaints, and no evidence of 
hypoth:.'roldl=m. 


Case 24. — L. D,; A 35-p'ear-old v/hite female entered the hospital complain- 
ing of fatigue and enlargem.ent of the thj'rold gland, particularK- on the rigfaL 
Php'sical examination revealed an enlarged, firm gland. Treatment was subtotal 
thyroidectomp'. Preoperatlve diagnosis '»vas diffuse, mlidh' toxic goiter. Post- 
ojjeratlvc diagnosis v/as Hashlmoto'c struma, svlth a fevr areas of slightly hyper- 
pla'^tlc thyroid tl=^=ue. 


-SUJIJtAKy OF THE CEIttlCAL ASPECTS OF 24 CASES OF CHROXIC 
:ro:.'-sPEciFic thyroiditis 

In 24 proven ca.=es of chronic th3'roiditis there were 11 cases of Hashi- 
moto’s .struma, 1 of v/hich became lymphosarcoma, 11 cases of Riedel's 
struma and 2 cases of p.=eudotuberculous thyroiditis of DeOuenain (giant 
cell t\’pe). J he average age of the Hashimoto’s cases was 43.8 3'ears, of 
the Riedel s cases 44,2 3'e;ir.s and the DeQuerv^ain cases 61 3-ears. All these 
cases were white v/omen. 10 of the 11 cases of Hashimoto's struma (91%) 
showed enlargement of the gland, and all cases of the Riedel's and De- 
Qucrvain types shov/ed enlargement of the gland. Pain or tenderness in 
the thvrejid gland occurred in 7 of the 11 (64%) of the Riedel cases, 5 of 
the 11 ('45%) of the Ilashimoto cases and 1 of the 2 (50%) of the DeQuer- 
vain cases. Pressure symptoms such as hoarseness, d3-sphagia, d3'spnea or 
choking occurred in 6 of 11 (55%) of the Hashimoto cases, in 5 of the 
11 (45%) of the Riedel’s cases and 1 of the 2 (50%) of the DeQuen^ain 
cases. The duration of symptoms in the Riedel group averaged S months, 
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in the Hashimoto group 5 months and in the DeQuervain group 6 months. 
One patient died, a mortality of 4.2%. This patient died of lymphosarcoma 
which involved the thyroid gland, mediastinum, etc. This patient’s original 
diagnosis was Hashimoto’s struma. The correct clinical diagnosis was made 
in 3 of 11 (28%) of both the Hashimoto’s and Riedel’s groups and 
in neither case of the DeQuervain t3^pe. The diagnosis of malignancy of 
the thyroid gland preoperatively or at operation before the pathological re- 
port was available occurred in 6 of the 11 (55%) cases of the Riedel’s 
group, 1 of the 11 cases (9%) of the Hashimoto’s group and in 2 of the 2 
cases (100%) of the DeQuervain group. 

SUMMARY AND CONCLUSIONS 

Thirty-four case records of “thyroiditis” have been reviewed from the ' 
surgical service at Roosevelt Hospital. Deletion of the acute cases, and of 
2 in which the pathology was rather limited, left 24 cases of undoubted 
“non-specific chronic thyroiditis” for detailed study. Eleven were of the 
Hashimoto type (struma lymphomatosa), 11 of the Riedel type (struma 
fibrosa), and 2 of the giant-cell type of DeQuervain. 

One factor in the amazingly low percentage of correct preoperative 
diagnosis in these conditions, in most hospitals, is that chronic thyroiditis 
is often not even mentioned as a possibility. 

Even when the thyroid is exposed at the operating table, a false im- 
pression is often gained, and this may lead to unnecessary and harmful 
surgery. 

A plea is made for the recognition of chronic thyroiditis before opera- 
tion, and at operation. It is highly important for the patients that we do so. 
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Dr. Samuel F. Marshall, Boston : I want to commend Dr. Patterson for the 
very clear clinical picture of thyroiditis. A.s he has stated, the disease is not common 
but neither is it rare, because we do see it frequently and, if we are aware of the 
pathologic process in the thyroid gland, I am sure we can diagnose it from a clinical 
standpoint many times. We have been interested in this problem, and Dr. William 
Meisner of Dr. Shields Warren’s pathology service and myself went over our material 
in the Lahey Clinic, and re-examined all the tissue removed. We found, in ap- 
proximatelj' 25,000 thyroid operations, about 187 cases of thj'roiditis, proven by path- 
ologic examination. The picture is quite characteristic. As you know, the thyroid 
gland will react to trauma and irritation in a quite characteristic manner. The reac- 
tion, of course, ma 3 ' be due to irritation or to trauma, and may result in stromal 
changes or in epithelial changes, so that we were able to divide the 187 cases into 
three groups. 

The first group is the infectious group in which Riedel’s struma is the end stage 
of infection. The second group, Hashimoto’s struma, struma lymphomatosa and, 
finallj-, the third group we called the non-specific group because we were not able to 
get sufficient characteristics to permit a more definite classification. The reaction, as 
I said, maj' be epithelial or maj. be stromal, and it is not uncommon to see the foreign 
bodj. giant cell reaction, which is probabb ^itie to colloid spillage in this stromal tissue. 
We believe that the diagnosis can be established, however, in the greater percentage of 
cases, and we have had many more cases in which a clinical diagnosis could be made. 

I am not prepared to sa 3 r what the number is, but it must be at least two or three 
times the number that were operated upon and, too, the diagnosis was faulty in that 
operative group, but that is eas 3 ' to see inasmuch as they were operated upon because 
we could not definitely rule out malignanc 3 L In 187 cases that came to surgery, in 
onh- 44 was the correct diagnosis made. 

The matter of treatment is of some concern; most cases do not require surgery. 
If the diagnosis is established and the patient can be followed over a long period, 
operation is unnece'ssaiy except to rule out malignancy and to decompress the trachea 
because of the pressure which occurs sometimes. Dr. Lahey has described the method 
of removal of the th 3 ’roid isthmus over the trachea and suture of the pre-thyroid 
muscles to the trachea to prevent this vise-like pressure from again occurring on the 
tradiea. 
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There is one point of value in surgical care of these cases. We must remember 
tiiat in the infectious group, of the type that is called Riedel's in its end stages, we 
rarely see myxedema. We found myxedema in about 27 per cent of the cases, but in 
the advanced stage m 5 'xedema was present in 57 per cent. So it is important not to 
do a subtotal thyroidectomy on these cases, both from the standpoint of reducing the 
secretory epithelium and from the standpoint of the technical problems that are apt to 
follow attempts at removal of this very adherent gland. On the other hand, Hashi- 
moto’s can be depressed much more easily by radical removal of the gland, because 
practically all these cases get myxedema whether you operate upon them or not. This 
has been reported in other studies and was also our experience— SO per cent of our 
cases had myxedema. In the other group, the non-specific group, we should also avoid 
operation, and we noted 30 per cent myxedema in those cases. We have not used x- 
ray therapy, nor do we care to do so, because we want to preserve the secretory 
epithelium wherever possible; furthermore we want to establish the diagnosis and, 
again, x-ray therapy may produce more scarring and more fibrosis and make operative 
approach extremely difficult. 

Dr. B'. a. Bothe, Philadelphia; My attention has been attracted to the different 
colors that the types of chronic thyroiditis exhibit at the operating table. Cognizant 
of this fact, when we approach a very firm gland, careful hemostasis should be used 
so we may observe the gland’s true color. My experience is confined to only 17 cases, 
but we have noted that the gland is a definite purplish-gray color in Hashimoto’s dis- 
ease, whereas it is j^ellowish-red in Riedel’s struma. In Hashimoto’s disease we have 
found lobulation of the gland and, in several instances, this was so pronounced that it 
appeared as though several lymph nodes were attached to its surface. This lobulation 
has not been seen in cases of Riedel’s struma. 

Ewing has made contribution to our knowledge of chronic thyroiditis. However, 
the work Graham reported in 1931 cleared up our previous misconception of thyroiditis 
and established struma lymphomatosa and Riedel’s struma as separate and distinct 
types of chronic thyroiditis. Ewing believed that Riedel’s struma was a later stage of 
Hashimoto’s disease. Cases have been reported in which a second operation several 
years later has been performed upon patients with struma lymphomatosa and there 
was no change in the cellular structure of the gland from tiliat found at the first opera- 
tion; this is in keeping with Graham’s viewpoint. 

Lobectomy has been practiced routinely in the struma lymphomatosa cases to es- 
tablish a diagnosis, rule out malignancy and to prevent subsequent tracheal obstruction, 
t is realized that obstructive complications are far more frequent in Riedel’s struma. 

One patient operated about IS years ago has been followed very closely. A total 
t yroi eernmy was performed, as it was impossible from a study of the frozen sec- 
/tions to istinguish the case from one of small round cell carcinoma. Six months 
ater the patient developed hypoparathyroidism. Some previous writers have called 
a ention to the fact that struma lymphomatosa may spread to the glands of internal 
secre ion. t w^ felt that this complication was due to the surgical procedure; how- 

th lit develop until six months after operation led to the 

oug at t is might be a case in which the disease spread to. the p^arathyroid 

gan s. n t e past year, at the age of 82, the patient fell down two flights of stairs. 

e comp 0 severe pain in the hip and the foot on the affected side was everted. 

^ ^ negative for fracture, but to our surprise the cortex of the 

e, greatly thickened even though the hypoparathyroidism had been 

symptomatically controlled by replacement therapy. 


769 



THE RESULTS OF A SPECIFICALLY CO-ORDINATED PLAN OF 
MEDICAL AND SURGICAL TREATMENT OF ESSENTIAL 

HYPERTENSION* 

Loyal Davis, M.D., Howard A. Lindberg, M. D 

AND 

N. V. Treger, M.D. 

Chicago, III. 

FKOM THE DEPARTMENTS OF SURGERY AND MEDICINE, NORTHWESTERN UNIVERSITY MEDICAL SCHOOL 

In 1934, Barker and Davis formulated a plan for the study of patients 
with essential hypertension for whom surgical therapy might be undertaken. 
In 1939, they reported^ upon their clinical and experimental experiences 
and attempted to make clear - for others the principles upon which their 
work was being carried out in the hope that eventually it would lend itself 
to comparison with that of other groups engaged in similar work. 

In part, it was stated that: 

“clinically, the criteria for classifying patients as cases of essential 
hypertension vary considerably among various groups of workers. Yet, 
before surgical procedures can he evaluated, agreement must be reached 
as to exactly which type of patient is being operated upon, or should be 
operated upon.” 

“There is agreement that the clinical course of a young adult with 
essential hypertension may be an intense progression to a fatal termina- 
tion within two years ; that is, uremia and death cannot be stayed by 
medical treatment. On the other hand, a variable hypertension of mild 
degree may exist in adults under 35 years of age, which represents 
vasomotor instability and either requires no treatment or is controlled 
by simple medical measures. Late in life, a high systolic blood pres- 
sure with a normal, or nearly normal diastolic pressure, related to 
sclerosis of the large vessels of the body is relatively unimportant and 
does not require treatment.” 

“About 90% of the mild cases of hypertension at all ages either have 
no symptoms or are easily relieved. Of the cases of moderately in- 
creased blood pressure, 75% either have no symptoms or can be relieved. 
Of the severe group of 45 years of age, many have reached a late stage 
in the disease after a long course. Under medical treatment, at least 30% 
of these patients may obtain a substantial fall in their blood pressure 
and another 40% may obtain symptomatic relief over long periods of 
time. The remaining 30% in this group have marked and irreversible 
vascular changes, which make amelioration of their symptoms impos- 
sible. We are confronted then with the group of young adults with 
malignant progression of their symptoms of hypertension and those 
patients with a moderate hypertension under 45 j'^ears of age for whom 
surgical intervention may hold hope.” 

“Malignant h 3 ’^pertension is denoted by that fulminating endothelial 
necrotic state which may develop at anji time in any hypertensive patient 
which usually rushes him through to an early death with evidences of 
widespread destruction of the vessels in the kidneys, retinae and brain. 


* Read before the .American Surgical Association, Quebec, Canada, May 29, 1948. 
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Such changes may come on suddenly in patients with severe essential 
hypertension resulting in terrific headaches, stupor, motor phenomena, 
cardiac gallop rhythm, hemorrhages from the nose and urinary tract, 
and actual rupture of the retinal vessels. Such a fulminating episode 
may be as dramatic as a fatal lobar pneumonia. However, some of the 
malignant cases may go on for months with periods of exacerbation and 
remission. Rarely, such a patient may be much improved for a long 
time after a coronary occlusion or a cerebral vascular accident. We 
have also seen a reversal from the malignant to the essential type by re- 
ducing the blood pressure and controlling it by the administration of 
cyanates. This type of reversal hi the phases of the hypertensive state 
should cause us to consider carefully surgical treatment.” 

“At which stage in the disease is surgery contraindicated and what 
constitutes the basic factors for such contraindications? Is it fair to 
require that the surgical treatment of essential hypertension be evalu- 
ated according to its effectiveness in various types and degrees of sever- 
ity of the disease and the sole criterion be the effect upon the systolic 
blood pressure? If so, b)^ what standards can the types and degree of 
severity of the disease be so classified that the results of surgical therapy 
in one clinic may be compared with another ? One may suspect that many 
of the favorable surgical results reported might be duplicated by another 
group of workers through medical measures alone. Lowering of the 
diastolic pressure is a far more significant result relative to the patient’s 
welfare than lowering of the systolic pressure. What train of physiologi- 
cal events results in lowering of the pressure following sympathectomy?” 

We have adhered to these generally stated principles in the past 14 years 
and from a study of some 700 patients with essential hypertension have clas- 
sified them according to therapeutic and clinical types. We do not expect 
Complete agreement and acceptance of this classification, but it has seemed 
to us to be the most logical one based upon facts which can be definitely 
known about the patient, and to be a simple one which others can correlate 
with their own particular classification so that comparison of the results of 
surgical therapy can be made. Finally, we decided early to limit our surgical 
therapy to one of the types of essential hypertension and we chose that group 
for which medical treatment was inadequate, and prog’ress of the disease 
appeared to be imminently fatal. 

CLASSIFICATION OF HYPERTENSION 

We believe that patients with essential hypertension can be divided clini- 
cally and therapeutically into five groups: 

Group I Fluctuant: This type represents a large proportion of the early 
cases of hypertension observed usually in the teens or early twenties, has 
often been described as adolescent hypertension, and is not associated with 
renal disease. It is asymptomatic and is only discovered as a result of a 
routine physical examination. During these early years it is impossible to 
tell whether the disease will remain quiescent, progress into one of the other 
clinical types, or in some cases disappear entirely. 

As long as the etiology can not be determined, associated renal disease 
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is not discovered and the patient remains asymptomatic, it is questionable 
whether or not any therapy should be instituted. These patients uniformly 
respond well to thiocyanate; however, the patients are not co-operative be- 
cause their early hypertension gives them so little trouble. The following 
case history is presented in order to show the effect of potassium thiocyanate 
on this type of hypertensive patient. 

Case 1. — Mr. J. V., a 26-year-old white accountant, was first seen in the early part 
of 1947. At this time, he gave a history of asymptomatic hypertension for 5 years. 
He complained of nervousness and his general appearance was that of a normal person 
of Italian extraction. The fundi were of Grade 1 classification with only spasm and 
some streaking ; the blood pressure was 160/100 mm. of Hg. : and no other physical 
abnormalities were present. Laboratory findings of the urine and blood were entirely 
normal and the electrocardiogram changes consisted of very minimal (less than 0.1 



mm.) elevations of St segments 1 and 4. He was placed on thiocyanate therapy and 
in three weeks felt much more calm. His blood pressure gradually decreased until, on 
May 10th, it was within normal range. 

On May 1, 1948, his blood pressure was 120/76 and he was taking three grains of 
potassium thiocyanate every other day and maintaining a blood thiocyanate level of 
10 mg. per cent. 

This case represents early vasospastic, or hormonal, hypertension and 
would probably respond best to surgical sympathectomy. 

Group II — Plcthoiic: The plethoric h3'pertensive is usually a typical “busi- 
nessman” with hypertension, who is energetic, active, overweight and may 
have distressing sjTnptoms, particularly of headache, vertigo and angioid dis- 
tress associated with a cardiovascular disturbance. 
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The hematocrit is usually found to be over S0% (red blood count over 
five million) and the sedimentation rate 1 to 5 mm. or less in one hour. We 
are in the habit of describing this blood as viscid or “sticky”, and in such 
cases, cerebral or coronary tliromboses are common. 

Provided that the patients do not have associated irreversible renal dis- 
ease, continued control of blood cyanatc concentration will result in a rather 
prompt relief of the hypertensive symptoms and a gradual diminution in, 
first, the systolic, and later, the diastolic pressure. It is dangerous to drop 
these patients’ pressures rapidly ; therefore, tlie early dosage of the c)^anates 
should be small and gradually increased as renal thiocyanate clearance im- 
proves. Often these patients have a rapid renal clearance of thiocyanate and 
may require as much as 20 gr. of the drug daily to maintain an adequate 
blood concentration. 

During the first few months of treatment, the hematocrit will drop to 45 
or less and the sedimentation rate will increase 10 or 15 mm. in an hour, 
which represents a definite change in the hemogram resulting from a thio- 
cyanate effect on the red blood count and therefore on blood viscosity. 

These patients represent the most favorable group for treatment with 
thiocyanates and can be best illustrated not only by the case history which 
follows, but also by a line graph (Fig. I) which illustrates the effect of thio- 
cyanate on the blood pressure and hemogram in this type of individual. 

Case 2. — J. R. a 59-year-old white man, was first seen in late June, 1947, 
complaining of shortness of breath on exertion, a buzzing in his head in the daytime 
and nocturia. He said that his blood pressure had been high as long as he could 
remember and that in 1946, he had had some heart failure and had been required to 
spend two months in bed. A laboratorj'- survey showed a sedimentation rate 5 ; he- 
matocrit 50; total protein 7.6; albumen 4,68; globulin 2.92; blood urea nitrogen 12.6; 
and uric acid, 5.2. The electrocardiogram demonstrated the presence of a first degree 
heart block. 

On physical examination his fundi were of Class 2 severity, and aside from a 
plethoric stocky appearance and a blood pressure of 220/120, there were no significant 
findings. 

He was placed on thiocyanate therapy and in two weeks he had a blood cyanate 
level of 10 associated with a fall of pressure to 170/90. Blood pressures and thiocy- 
anate levels have been at this level or lower for ten months and the cardiogram shows 
a diminution in the PR interval of .02 and there is no deformity of a recent coronary 
occlusion. His sedimentation rate is now 15 mm. in one hour and the hematocrit is 
47%. He has had no hypertensive symptoms since his blood pressure has dropped to 
the lower levels. 

Group 111— Menopausal hypertension is one of the most frequent types 
of hypertension seen in the female and corresponds in many respects to the 
plethoric type of hypertension in the male. It is usually accompanied by 
numerous and severe symptoms of hypertension which are superimposed 
upon those that are often associated with the menopause. Unlike the ple- 
t ioiic t}^pe of hypertension, however, a high hematocrit and low sedimenta- 
tion late are not often seen. The blood cholesterol is likely to be elevated. 
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The hypertensive, as well as the menopausal symptoms, can often be con- 
trolled by estrogenic therapy and sedation alone, but the blood pressure 
which is not affected by these measures will often respond to thiocyanate 
therapy. 

By the above description we do not wish to infer that menopause in 
itself is a cause of essential hypertension. It most likely is not. However, 
menopause does exaggerate the symptoms of a pre-existing, or coincidental, 
hypertension in patients with only a moderate elevation of the blood pressure. 
There may be a wide fluctuation in the blood pressure readings in the level 
type, or a pre-existing diastolic fixed type of blood pressure may be seriously 
aggravated, so that a clinical classification is made easily and the therapeutic 
approach to the problem is well defined. It has long been observed that if 
the patient can be brought safel}- through her period of menopause, be it 5 
or 15 years, the hypertension will subsequently burn itself out. 

Case 3. — Mrs. M. W., a 50-.year-old white female, was first seen in March, 1947. 
She complained of severe hot flashes and nervousness for two years with increasing 
frequenc 3 ^ Just prior to this time, she had some exertional dyspnea, orthopnea, and 
occipital headaches associated with a blood pressure 210/110. A survey of her status 
at this time demonstrated no cardiac enlargement, normal urine and normal hemogram. 

She was placed on estrogenic substances by mouth with the result there was a 
marked sympomatic improvement. She was studied further and was found to have 
normal renalfunction and metabolism rate. The electrocardiogram was normal. 

Thiocyanate therapy was started, and one month later when a therapeutic blood 
level had been reached, the arterial tension was 190/96. These levels were maintained 
in the next three months ; the usual level of arterial tension was around 154/86 and 
she was asymptomatic. 

To ascertain the effect of thiocyanate better, this medication was stopped but the 
estrogenic substances continued. In the succeeding two months, the blood pressure rose 
to levels of 190/100. Roentgenogram of her urinary system at this time was entirely 
normal and no abnormality of the serum proteins was manifest. Thiocyanates were 
again started with a good therapeutic effect. 

Group IV — The high diastolic type of essential hypertension as seen in 
the male, most often between the ages of 35 and 50, represents the most 
severe type of essential hypertension with which we have had to deal. This 
is indicative of either a pre-malignant phase of hypertension, or a rapidly 
progressive type of essential hypertension with the occurrence of heart fail- 
ure, or a cerebral vascular accident, within a five year period. Unlike the 
female in this same age group with a severe high diastolic pressure, the male 
does not tolerate an increased blood pressure for a very long period of time. 
These patients do not respond well to thiocyanate therapy except for rela- 
tively short periods of time, and if they do show some blood pressure lability 
and some response to thiocyanate therapy, though it is temporary, we have 
subjected them to sympathectomy before the onset of renal and cardiac fail- 
ure, or malignant hjqjertension. 

Case 4. — Mr. B. K., at the age of 47, was admitted to the hospital in November, 
1946. His familj’- was free from hj^pertensive disease. Nocturia 3 to 4 times was pres- 


774 



Yoluine 12S 
Number 4 


TREATMENT OF ESSENTIAL HYPERTENSION 


ent almost an entire lifetime. In January', 1946, hypertension was found and was as- 
sociated with frontal and coronal headaches of moderate severity. In May, 1946, the 
evening hours were marked by asthma. In the following month ankle edema was 
present, and in October, 1946, exertional dypsnca and orthopnea were of moderate 
severity. 

The average blood pressure was 200/130 and \ras associated with the classical 
signs of heart failure. The retinal findings were classified as Gifford III. The hemo- 
gram demonstrated moderate hemodilution. There was moderately reduced renal 
function as demonstrated by the commonly employed tests and "heart-failure” urine. 
The electrocardiogram demonstrated a left ventricular strain pattern. Culture of the 
urine was negative. A standard roentgenray of the chest showed an aortic configura- 
tion of the heart with 20% enlargement. The patient's heart failure was treated in a 
routine manner with a reduction of the signs and symptoms of congestion. Commonly 
emploj'ed vasolability tests demonstrated that the blood pressure was labile; the sleep- 
ing blood pressure 155/90. 

The patient was discharged from the hospital but the symptoms continued so he 
again \vzs admitted for the consideration of surgical treatment. Inasmuch as all previ- 
ous therapeutic attempts, including thiocyanates, had been futile, sympathectomy was 
advised and carried out in January 1947. A moderate amount of arteriolonephro- 
sclerosis and slight tubular atrophy were apparent in a biopsy specimen. One month 
following surgery the blood pressure returned to the preoperative levels. In the third 
postoperative month, standing produced a diastolic rise in pressure and at the end of 
five minutes it was 210/140. During this time it was necessary to continue therapy for 
congestive heart failure and despite this in the 5th postoperative month frank de- 
compensation was again noted. Thiocyanates were again administered and after three 
months the patient was able to resume 8 hours of reduced work. At this time the blood 
pressure ranged around 215/115. The roentgen ray showed 25% cardiac enlargement. 
However, the renal function tests were somewhat improved. Thiocyanates were con- 
tinued at levels of 10 mg. ■%, In April, 1948, 14 months after surgery, frank congestion 
again became notable. The blood pressure ranged about 210/132 and with the aid of 
mercurial diuretics the patient was able to continue light work, though obviously 
handicapped. He was, nevertheless, in remarkably good health, considering the grav- 
ity of his initial disease. 


Group IV B — ^The high diastolic type of hypertension in the female, most 
often observed between the ages of 25 and 40 , and exclusive of those cases 
of hypertension which are complications of pregnancy, also represent a 
severe type of hypertension. However, the female hypertensive in this group, 
unlike the male, is much better able to withstand this severe degree of hyper- 
tension and the disease apparently progresses much more slowly. They 
are likely to have severe symptoms associated with the disease, which may 
be alleviated temporarily by the use of thiocyanates. 

These patients are also of the type that are recommended for surgical 
sympathectomy in order to prevent, if possible, the onset of left ventricular 
failure. 


Me 5. ^Mrs. D. G. a 41-year-old white woman of Spanish extraction, was first 
seen about thirteen years ago. At this time, she stated that her hypertension had been 
edem previously, at the age of 24. When she was 26, she had some ankle 

years subsequently symptoms of headache, weakness, dyspnea, noc- 

o-jn „ y®Puea, palpitation and insomnia were associated with blood pressures around 
220/130 mm. of Hg. 
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In 1935, she was admitted to the hospital because of the advent of early left heart 
failure. Left ventricular hypertrophy and a moderate secondary anemia were found 
at this time. The sj^ptoms became so severe and unalterable under medical therapy 
that the splanchnic nerves and 10th, 11th and 12th thoracic sympathetic ganglia and 
the intervening trunks were removed bilaterally in 1935. Since this time, she has been 
on thiocyanate treatment and has consistently run much lower blood pressures, ranging 
between 175 and 200 mm. of Hg. systolic (230 occasionally) and 100 and 115 mm. 
of Hg. diastolic (130 rarely). She has had occasional mild signs and symptoms of 
heart failure associated with moderate nervous tension responding well to the usual 
forms of therapy. She now has considerable aortic sclerosis with no appreciable change 
in heart size; it still is approximately 15% enlarged. Likewise, all other signs and 
symptoms have not . changed appreciabb'' in these 13 years, and she is able to 
carry on full time duties in- the business world and at home. She repeatedly states 
that she feels very much better and would be unable to carry on without thiocyanate 
treatment. 

Group V — The arteriosclerotic hypertensive, usually seen in its early 
phases between the ages of 50 and 60, is characterized by relatively high 
systolic and relatively low diastolic blood pressure readings. Its course well 
represents the prolonged benign nature of some cases of h 3 rpertension, and 
although it is often accompanied by cerebral symptoms of headache, vertigo, 
tinnitus, and even symptoms of left ventricular failure, the disease itself is 
not severe and is compatible with a relatively long and useful life. 

Some cases respond very well to small doses of thiocyanate but should 
be observed very carefully in order to avoid rapid drops in blood pressure. 
Other cases do not respond to thiocyanate treatment, nevertheless, the be- 
nign course of the disease is well illustrated by the following case history. 
Here again, however, a benign course is more likely in the female than in 
the male. 

Case 6. — Mrs. R. T., a 75-year-old colored woman, formerly obese, was fitst seen 
20 years ago with a moderate systolic elevation of arterial tension (BP 162/80). She 
complained of many bizarre symptoms which included palpitation, weakness, occasional 
dizziness, shortness of breath, and occipital headache. The general trend of arterial 
tension was upward with a greater rise of the systolic pressure. Three years later the 
average tension was 170/lOOmm. of Hg. and in another five years, the average tension 
was about 186/100, although occasional readings of 225/110 were recorded. Renal 
function tests were always normal. 

About this time, diabetes was discovered and she was placed on a rigid diet 
which was also designed to bring about weight reduction. Still two years later her 
tension was about 200/93. She was given a trial on thioc 3 'anate therapy. When ade- 
quate blood levels were maintained, her arterial tension was consistently about 165/86. 
She failed to follow therapeutic directions so this medication was discontinued 

Fropi that time until the present (10 years), the patient has had to a greater or 
lesser degree both right and left heart failure associated with levels of arterial tension 
similar to those prior to the thiocj'anate therapy. The usual therapeutic agents have 
been emploj-ed and include aminophyllin, phenobarbital and salyrgen, (92 injections). 
In 1947, however, occasional systolic readings of 240 were observed. Blood chemis- 
tries remain essentially normal, the roentgenray of the heart shows 15% enlargement 
and marked sclerosis and tortuosity of the aorta. 

Group VI — Malignant hypertension is characterized by severe hyper- 
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tensive symptoms, including convulsions and coma. It may occur in any 
age group and its clinical course is rapidly progressive to a fatality. It mani- 
fests itself by a severe, progressive, generalized necrotizing arteriolar dis- 
ease and renal failure. The disease shows no response to thiocyanate or any 

COMPARISON of HYPOTENSIVE MEASURES 
Pa^tiervt -W.W 4Z 


Soda-tlon. Tstra^ctKyl ammoniu-m 

(TotcJ-.66m. sodium, amytral) cKlorLdle 



Time — Lours 


Fig. 2.— a comparison of hypotensive tests used preopera- 
tively in patient W. W., who had high diastolic type of hyper- 
tension. 


Other medicinal type of therapy. A patient with any one of the types of hyper- 
tension described above may suddenly enter the malignant phase of essential 
. yP^^tension and this occurrence is unpredictable and most likely to happen 
the high diastolic group. Of course, a patient may be observed for the 
rs time with the malignant type of hypertenson and evidence may be un- 
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available that previously the symptoms of any other t}’pe of hypertension 
were present. 

Recent reports (2, 3) seem to indicate that the rapid progress of the 
disease may be slowed temporarily and the life of patients with malignant 
hypertension may be prolonged somewhat by sympathectomy. However, 
there is a high operative risk in these patients and it has been our experi- 
ence that immediate postoperative vascular accidents are the most common 
cause of death. 

Choice of Cases for Surgical Treatment 
We chose cases from the group of patients whom we classified as be- 
longing to high diastolic type of hypertension. We further restricted our 


BP. 
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Fig. 3. — K graph showing comparison between standing blood pres- 
sures and the effect of tetraethyl ammonium chloride pre- and post- 
operatively on patient B. K., who had high diastolic type of pressure. 

choice to those in this group who had been given an adequate and thorough 
trial of therapy with the thiocyanates and had proven to be resistant to this 
drug. That is to say, their diastolic and systolic pressures and their symp- 
toms could not be improved by cyanate blood levels below those which pro- 
duced toxic S}Tnptoms. 

A third indication for the choice of patients was that they should have 
a labile blood pressure as evidenced by a group of pressor and depressor 
tests. General considerations upon which we based our surgical indications 
were that the patients should have systolic blood pressures over 200 and 
diastolic pressures over 100 mms. of mercury ; that there be no evidence of 
chronic glomerulonephritis or pyelonephritis; no significant peripheral vas- 
cular sclerosis and that the clinical course be shown to be progressive, but 
not entering the malignant phase of hypertension. The average age of the 
patients operated upon was 40.08 years with a mean age of 39 years. 
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treatment of essential hypertension 

Pressor and Depressor Tests. We have used sodium amytal, sodium 
pentolhal, caudal anesthesia, induced h3T3erpnea, tetraethyl ammonium bro- 
mide and vertavis as vasorelaxor tests, and the cold pressor tests and the ad- 
ministration of carbon dioxide as vasopressor indicators. 

We have noted repeated!}’' that the most significant fall in blood pres- 
sure with caudal anesthesia occurs only when the level of anesthesia reaches 
the thoracic fifth dermatome. The specificity of this level in our experience 
is very significant and definite. 

All of the patients in the high diastolic group upon whom we operated 
showed satisfactory responses to all the vasorelaxor and vasopressor tests 
used, but none of the tests gave any information whatever of the character 

HYPOTENSIVE TESTS IN SYMPATHECTOMY 


“Vertavis test irvKrs. 5tan.dir\(5 B.P. test ir\ rrvirx. 



Fig. 4. — A comparison of standing blood pressure and the Vertavis 
test pre- and post-operatively on patient W. W., who had high diastolic 
type of hypertension. 


or extent of the response we might expect after sympathectomy. In only 
two of the patients operated upon have we observed significant changes in 
the blood pressure readings with change of posture following sympathectomy, 
although in other patients the extent of the operation was identical. Figure 
2 shows a comparison of hypotensive tests used preoperatively in patient 
W. W. From these tests alone, one could only conclude that this patient 
would have a satisfactory response following sympathectomy. As a matter 
of fact, the patient was operated upon in February; was discharged from 
the hospital, and in April of the same year, showed signs of a left ventricu- 
ar insufficiency, complained of nocturnal dyspnea and developed a pulsus 
a ernans. These symptoms finally culminated in a congestive heart failure 
ich terminated fatally in October, eight months after operation. Figure 
shows the comparison between the standing blood pressures before opera- 
tion and two weeks, four weeks, and eight weeks after operation in patient 
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B. K. who had high diastolic type of hypertension. It also shows the blood 
pressure taken in the supine position ten days postoperatively. A comparison 
between the intravenous injection of 250 mgs. of tetraethyl ammonium 
chloride preoperatively and two weeks postoperatively can be compared 
with the intravenous injection of 350 mgs. of the same drug two weeks 
postoperatively. Figure 4 shows a comparison between the standing blood 
pressure pre-and postoperatively and the administration of Vertavis pre- 
operatively and two weeks postoperatively on patient W. W. who had high 
diastolic type of hypertension. This patient’s postoperative blood pressure 
in the supine position is also illustrated. 



Surgical Procedures and Results 

This report concerns 25 patients with the high diastolic type of hyper- 
tension, who have been followed pre- and postoperatively for a sufficiently 
long period of time to allow us to arrive at definite opinions about them. 
Thirteen of these patients had supradiaphragmatic removal of the thoracic 
s}Tnpathetic ganglia and chains from thoracic ninth to twelfth inclusive, 
and the splanchnic nerves, bilaterally. Two patients had supra- and infra- 
diaphragmatic removal of the thoracic sympathetic ganglia and chains from 
the ninth to the twelfth inclusive; the lumbar sympathetic ganglia and 
chains from lumbar one to lumbar two inclusive, and the splanchnic nerves, 
bilateralF. Nine patients had supra- and infradiaphragmatic removal of 
the thoracic ganglia and chains from the sixth to the twelfth inclusive ; lum- 
bar one, two and three ganglia and intervening chains and the splanchnics, 
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bilaterall}-. One patient. Iiacl an infradiapliragmalic removal of lumbar one, 
two and three ganglia and the intervening chain, bilaterall}^ 

None of the patients in this group showed satisfactory lowering of the 
systolic and diastolic blood pressures, or improvements in their symptoms 
following operation alone, which would allow them to resume their former 
social and economic positions. The most significant result, however, has 
been that whereas all of the patients have been resistant to cyanate therapy 
prior to operation, following sympathectomy they haA^e become cyanate 
sensitive to the extent that their symptoms and blood pressure levels have 
been improved by the maintenance of cyanate blood levels well below those 
which produce toxic symptoms. 



Twelve patients in this group haA'^e died since operation so that the pro- 
gression of their disease Avas not halted by either surgical or medical 
srapy. Eight of these twelve patients died within two years following 
sympathectomy. Four of the 12 deaths occurred immediately, during hospi- 
talization for surgery, from heart failure and intraventricular hemorrhage. 

Of the remaining 13 patients operated .upon, four had their sympathec- 
tornies less than two years ago. Seven are actively engaged in their former 
social and economic positions and are upon cyanate therapy with excellent 
results. One of these patients was operated upon 13 years ago, and is active- 
y engaged in her household and other activities with a blood cyanate level 
w ich averages about 6 mgms. percent. Before operation, her symptoms 
^nd blood pressure levels could not be controlled even with high cyanate 
ood levels which invariably produced marked toxic symptoms of the drug. 
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One other patient of this group of 13 has recurrent episodes of encephalop- 
athy with unconsciousness; another has recently left the hospital after re- 
covering from severe left and less severe right ventricular heart failure 
symptoms, and four are not activel}^ returned to their former occupations, 
but are symptomatically improved. There is no doubt that the postoperative 
results in the high diastolic group of patients have been far better among 
women than men, which onl}’’ re-emphasizes our original statement that 



women withstand this type of hypertension better than men, but for what 
reason we do not know. 

The following summar 3 " of the circumstances in the case of Mr. E. B. T., 
who was 52 years of age at the time of his operation, illustrates the results 
of sympathectomy in this tj^pe of h 3 'pertension ; 

Case 7. — Mr. E. B. T., aged 52 years, first, came under observation in November, 
1937, when his blood pressure was 190/120 mms. Hg. and he complained of the usual 
symptoms of headache, irritability, dyspnea and fatigue. He was placed on potassium 
thiocyanate and was so treated until May of 1939. During that time, his cyanate blood 
levels could be raised to 12.5 mg. % before toxic symptoms of the drug developed. 
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However, his diastolic blood pressure never fell below 100 mms., Hg., and his systolic 
pressure ranged from 160 to 200 mms. Hg. 

In May of 1939, the thoracic ganglia and chain were removed bilaterally from 
thoracic ninth to twelfth inclusive, and the splanchnic nerves were resected. 

The patient returned to his work in June of 1939 and was maintained on cyanates 
and with blood pressures averaging 160 systolic and 100 diastolic. In 1943, his blood 
pressure readings began to rise following cessation of thiocyanate therapy and in 
1946 the systolic pressure reached 220 and the diastolic remained at -100. He was op- 
erated upon again in July of 1946 at another hospital where the lumbar ganglia and 
chains were removed and the thoracic chains removed with the ganglia up to thoracic 



Fig. 7. Female patient with moderate hypertension of the high 
diastolic type, with extensive sclerosis in the arterioles. 


th bilaterally. Following this operation, this patient showed a definite postural hypo- 
tension. He was placed upon veratrum therapy and shows lower blood pressure levels, 
particularly the systolic reading which has been recorded as low as 140 mms. This 
may possibly be the first indication of impending congestive heart failure. However, 
e shows a reversal of his blood pressure levels upon standing and both the 
sys o 1 C and diastolic readings are higher upon standing than when lying. (Fig. 5) 


We have previously reported that we have been able experimentally in 
dogs and monkeys to produce hypertension by the Goldblatt clamp and by 
wrapping the kidneys in silk, which ' responds to the administration of the 
thiocyanates exactly as do hypertensive symptoms in man. We have been 
unable as yet to explain the site or nature of the effect of the thiocyanates. 
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nor why this group of patients resistant to the drug before operation, be- 
come sensitive to the cyanates following sympathectomy. ■ 

Biopsy Specimens- of Kidneys 

We have taken specimens of the kidneys at the time of operation and 
have examined the kidneys microscopically after autopsy in an effort to cor- 
relate the clinical symptoms and course with the pathological changes in 



Fig. 8.— Male patient with hypertension of the high diastolic 
type with low grade sclerotic changes in the arterioles and 
sclerosis in the arteries. 


the kidneys in an effort to draw the indications for surgical therapy more 
accurately. 

Figure 6 is a microphotograph of a specimen of the kidney of a patient 
who clinically had a very severe hypertension of the high diastolic type. 
One must look verj^ carefully to find any sclerotic changes in the terminal 
arterioles. Figure 7 is a microphotograph of a specimen of the kidney of 
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a patient who had the symptoms of what was judged to be clinically a mod- 
erate hypertension. Yet, the sections of her kidney show a rather extensive 
sclerosis in the arterioles. This patient is one of the best of the postopera- 
tive results following sympathectomy. 

We have been, unable to find any correlation of the pathological changes 
in the kidney and the function in these cases of hypertension which would 
be useful in choosing those patients unsuitable for surgical treatment. Arteri- 
al sclerosis in the kidney may come with age alone. It is the combination 
of arteriolar and arterial sclerosis which is pertinent in the cases of hyper- 
tension. Evidence of arteriolar sclerosis may be very hard to find in the 
specimens removed for study, or it ma3'-be quite evident, irrespective of the 
severity or mildness of the clinical symptoms and course. Arterial sclerosis 
without arteriolar sclerosis may be present in hypertension but not arteriolar 
without arterial sclerosis. Figure 8 is a microphotograph of a kidney speci- 
men from a patient with a clinical high grade h)^pertension of the high di- 
astolic type. The changes in the arterioles are present but low grade in 
extent and the arteries show sclerosis. 

SUMMARY 

1. Sympathectomy alone has not been successful in permanently reducing 
the blood pressure levels in the high diastolic type of hypertension regardless 
of the extent of the operation. However, in some cases the subjective symp- 
toms have been improved temporarily although the clinical course of the 
disease has remained unchanged. 

2. Sympathectomy has caused patients in this group who have been resist- 
ant to thiocyanate therapy preoperatively to become sensitive to the admin- 
istration of this drug. . This result has been confirmed by laboratory experi- 
ments upon monkeys and dogs. The physiological explanation for this effect 
has not as yet been explained to our satisfaction. 

3. There has been no significant change in the blood pressure levels, or 
heart size, unless the patients of this group have been given thiocyanates 
postoperatively. 

4. In the high diastolic type of hypertension vasopressor or vasorelaxor 
tests have not proven to be sufficiently accurate to say exactly which of these 
patients should be operated upon. 

5. The^ medical management of patients of this group, particularly with 
the administration of thiocyanates properly controlled, is good in the early 

stages of the disease, but sooner or later all have become resistant to this 
drug. 

6. We believe that the results of surgical therapy in patients with hyper- 
tpision can be evaluated only by a comparison with specific groups of pa- 
tients belonging to types of hypertension based upon their clinical symp- 
toms and course. Those types of hypertension which have been shown to 
respond well to medical management, we believe, will show good results 
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from surgical therapy alone, but the selection of patients for operation 
should be made, not upon blood pressure ranges alone, but upon the char- 
acteristic symptoms and clinical course of the disease. Until comparison of 
the results of surgical therapy is made upon accepted classifications of the 
clinical symptoms and course of this disease, confusion in interpretation of 
the surgical results will exist. 
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GANGLIOSYMPATHECTOMY AND BILATERAL HEMIADRENA- 
LEGTOMY FOR SEVEREST GRADE OF HYPERTENSION*’ 

ilAROLD NeUHOF, M.D. 

New York, N. Y. 

Because results are often unpredictable, uncertain, and transitory, 
sympathectomy is not generally advocated for the severest grades of hyper- 
tension. I began to add various procedures to the customary dorsolumbar 
operation about seven years ago in the hope of improving the result in such 
cases. They consisted of denervation of the adrenal glands, stripping of 
the adventitia of the lower thoracic aorta, and subtotal removal of the 
semilunar ganglia. Finally all were employed without any consistent im- 
provement in results. 

The addition of procedures on the adrenals was then undertaken. One 
adrenal was removed in each of a few cases, apparently without effect. The 
next procedure, was employed in only one case, excision of half of one 
adrenal and complete removal of the opposite one at the second stage sym- 
pathectomy. The procedure proved to be too drastic possibly because of 
contralateral hemorrhage which has been noted to occur experimentally. A 
profound drop in blood pressure was combatted for several weeks by heroic 
measures. An adrenal transplant was without definitive effect and the fre- 
quent administration of cortex has been required in order to maintain a sys- 
tolic pressure between 110 and 120. An Addisonian symptom-complex, in- 
cluding pigmentation, has developed. The case is possibly unique insofar as 
the cure of hypertension is concerned but at the expense of what appears to 
be permanent adrenal insufficiency. 

Subsequent operations, now 14 in number, consisted of the removal of 
approximately the upper half of each adrenal gland at the time of sym- 
pathectomy. The operative procedure can be outlined briefly. Under intra- 
tracheal anesthesia the entire twelfth rib and usually a substantial paraverte- 
bral section of the eleventh are removed. The thoracic dissection is extra- 
pleural. The sympathetic trunk is divided at the level of the fourth or fifth 
ribs and is freed to the diaphragm. The splanchnic is similarly treated, the 
thoracic aorta being exposed in this step. The adventitia of the lower 
thoracic aorta, which bears sympathetic fibers, is freed and excised down to 
the diaphragm. The latter is severed locally to the region of exit of the 
sympathetic nerves into the retroperitoneal space, in order to simplify their 
further dissection and to aid in some measure in the exposure of the adrenal. 
The greater splanchnic is dissected to the semilunar ganglion which is ex- 
cised almost to the aorta. The sympathetic trunk is freed to the second 
lumbar ganglion below which it is removed. The adrenal gland, previously 
inspected to ascertain if it were the seat of a neoplasm, now is brought into 

’’■Read before the American Surgical Association, Quebec, Canada, Ara 3 ' 29, 19-lS. 
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full view by suitable retractors and the removal of overlying fat (when pres- 
ent). The upper half is dissected free with meticulous attention to hemo- 
stasis. In order to remove the upper half without hemorrhage chain sutures 
are passed and tied gently and the adrenal detached step by step beyond the 
line of sutures. The result usually has been the removal of somewhat more 
than half the adrenal. However the main blood supply which enters the 
lower half remains intact. Virtually the same operative procedure on both 
adrenals, in addition to bilateral sympathectomy, semilunar ganglionectomy 
and stripping of the adventitia of the aorta, was performed in each of the 
14 patients. 

A brief reference should be made to the types of operative cases before 
mention is made of the results of operation. The preponderance of the 
patients suffered from the severest forms of hypertension with systolic 
ranges from 250 to 300, diastolic from 150 to 190. A number were in the 
older age group. The first operation having been performed less than three 
years ago, reference can be made to interval results alone. There has been 
no mortality and but little morbidity. The low morbidity is ascribable to the 
fact that the pleura is rarely entered and if entered sutured, and the trapped 
air withdrawn at the end of operation. 

There was one failure to influence the blood pressure. This was the only 
case in which microscopic examination of the removed adrenal revealed gen- 
eralized arteriosclerosis. In addition to the usual symptomatic relief, the re- 
sult of operation in 13 cases has been a pronounced reduction in blood pres- 
sure, below the 200 systolic level in most instances, with proportionate re- 
duction in the diastolic level. Lability of blood pressure has been evident in 
more than half the cases. However, the striking feature has been a per- 
sistent, pronounced, but nevertheless symptom-free postural hypotension. A 
drop from 180 to 130 noted a year or more after operation has not been 
unusual. 

Bilateral hemiadrenalectomy was employed in three cases of severe hy- 
pertension after sympathectomy had failed, with pronounced improvement in 
Hvo and little improvement in one. Hemiadrenalectomy, performed on one 
side in three cases, was not attempted on the other because too great a re- 
duction in blood pressure was feared at the time of completion of the sym- 
pathectomy on the second side. The results were satisfactory in these three 
cases but they did not belong to the severest grades of hypertension. How- 
ever, the uncertain results obtained in severe hypertension raise the question 
of the addition of unilateral or even bilateral hemiadrenalectomy in cases 
short of die most severe forms of hypertension. Finally, the influence of 
bilateral hemiadrenalectom)’- on blood pressure appears to be so salutary as 
well as distinctive that the question of employing this procedure alone for 
hypertension naturally arises. Theoretically at any rate, subtotal adrenalec- 
tomy for hyqiertension appears to parallel subtotal thyroidectomy for 
Graves’s Disease. 
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Discussion— Dr. A'. W. Abson, Rochester, Minn. : I have enjoyed these papers and 
commend Dr. Davis for his conservative attitude in employing extensive splanchnic 
nerve resections in the treatment of hypertension. Our experience corroborates Dr. 
Davis’ report in that the administration of cyanates often is more effective in lowering 
blood pressures following splanchnic resections than they were when administered prior 
to surgery. 

The reports of Crile and DeCorsey prompted me to resect one-half of each 
adrenal gland at the time of operation when I resected the splanchnic nerves, a por- 
tion of the celiac ganglion and the upper two lumbar sympathetic ganglia in 25 con- 
secutive cases. The postoperative results in those patients appeared to be no dif- 
ferent than those obtained from the extensive sympathectomies. Our observations 
probably were very similar to those reported by Dr. Neuhof, 

As many of you know, we at the Mayo Clinic have been interested in controlling 
essential hypertension by operative procedures on the sympathetic nervous system. In 
1930, while observing the blood pressures fall in a patient who had been given a spinal 
anesthetic for a pelvic operation, it occurred to me that a bilateral rhizotomy of the 
anterior roots of the spinal nerves from the sixth dorsal to the second lumbar inclu- 
sive should produce similar falls in blood pressures to those that resulted from the 
spinal anesthetic, since the white sympathetic rami carrying vasoconstrictor impulses 
would be interrupted and paralyzed just as they were during the spinal anesthetic. The 
operation, a laminectomy and rhizotomy, was employed in 30 cases. It was discon- 
tinued because of its magnitude and the surgical shock that resulted from the marked 
hypotension. The subdiaphragmatic approach was substituted for the laminectomy 
and rhizotomy. 

The subdiaphragmatic approach through the loin was extraperitoneal. The kid- 
ney and liver were retracted mesially with a broad illuminated retractor which readily 
exposed the splanchnic nerves, the celiac ganglion and the upper portion of the sympa- 
thetic lumbar chain including the first and second lumbar ganglia. The splanchnic 
trunks were resected as was a portion of the celiac ganglion and the upper lumbar 
chain. The immediate effect was a marked hypotension. The late results showed that 
about one-third of the patients remained well. They were free from symptoms and 
blood pressures remained within normal levels. One-third of the patients developed a 
giadual rise of blood pressures within two to four j'ears but still ivere free of symp- 
toms. The last one-third of the postoperative group responded less favorabl}'. Blood 
piessures and symptoms returned to preoperative levels within six to 12 months. 

In view of the fact that other operations such as resection of the splanchnic 
trunks by the supradiaphragmatic approach and by the thoracolumbar approach which 
includes a portion of the celiac ganglion and the upper lumbar chain, we, the neurosur- 
geons at the Mayo Clinic are employing the different operative procedures in order to 
compare the effectiveness of each. At present, it appears that the late results follow- 
ing surgery are very similar regardless of the technic employed. 

Since Dr. Crile in treating hypertension may not have completely removed the 
ce lac ganglion by the tactile and avulsion method, and in the light of the investiga- 
tive woik on vasospasm of renal arteries in shock by Trueta and collaborators, I have 
icsected the celiac ganglion under direct vision, making sure to include the aortico- 
1 enal ganglion, for essential hypertension. The object of this radical resection is to 
a so interrupt the postganglionic sympathetic fibers to the adrenal glands and kidneys. 

le immediate postoperative hypotension is as marked as it was following the exten- 
sne rnzotomy. The postoperative shock is much less than the shock and sequela fol- 
lowing thoracolumbar procedure. 

I still am not too thoroughly convinced that regeneration of sympathetic fibers 
ta 'ts place, and this is especiallj' so if a gap of three centimeters is left between the 
severed ends. As a matter of routine, I usually apply a silver clip on the iSectioned 
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ends of the sympathetic nerves or trunks to control any bleeding that might take 
place. However, the silver clip may have taken on a more significant role since a 
silver sulfide develops in the vicinity of the clip, which destroys and fixes neurogenic 
tissue. The lantern slide of such a specimen illustrates the point. The two specimens 
on the slide are from a patient upon whom I had operated ten years previously for 
hypertension, by the subdiaphragmatic method. At that time, I applied a silver clip 
on the proximal ends of the splanchnic trunks. Since this patient’s blood pressures 
gradually rose to preoperative levels. Dr. Craig advised that another operation be 
done, and he removed the thoracic portion of the splanchnic trunks. As you observe, 
the lower end of the specimen is black in appearance, a portion of silver clip still re- 
mains, the neuroma consists chiefly of fibrous tissue, and there is no evidence of re- 
generation. 

I still believe that our greatest problem in attempting to manage tlie treatment of 
essential hypertension is to select the patient for the particular type of treatment, 
whether it be medical or surgical treatme^nt. If it is to be surgical treatment, employ 
it before irreversible changes have taken place in the cardio-renal-vascular mechanism. 
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Opinion continues to be divided on the management of gross bleeding 
from peptic ulcer, even though clinical experience is distressingly ample in 
most large teaching hospitals. Reasons for confusion of thought evident in 
the literature of the subject are lack of precise clinical observations and 
careful reporting, lack of definite criteria in the selection of cases to be 
treated in any particular manner, vaidation in the quality of medical or sur- 
gical care provided, and what may be called clinical bias. Various authors 
have focused attention on the life-saving value of early surgical control of 
hemorrhage in these cases, but the ideas developed in their pioneer work 
have not as yet won the enthusiastic support of gastroenterologists 1-9. 

It has seemed to us that advances in surgical technic and care, im- 
provements in anesthesia, and sounder knowledge of hemorrhagic shock and 
its treatment® warrant further careful evaluation of the merits of rapid 
blood replacement and early surgical operation in this condition. Accord- 
ingly, since January 1947 we have been testing the value of immediate large 
blood transfusions and gastric resection in the therapy of grossly bleeding 
peptic ulcer, and though the work is still in progress it is justifiable to re- 
port on methods used, clinical results to date, and tentative conclusions. At 
present the series comprises 54 patients, 33 of whom were operated upon, 
and 21 of whom were treated as control cases without operation. 

A definition of terms and explanation of criteria used in the selection of 
cases is in order. By early operation we mean subtotal gastric resection 
within 24 hours of admission to the hospital. By acute hemorrhage is meant 
vomiting of blood or passage of blood by rectum with attendant signs of 
cerebral anoxia within one week of admission to the hospital. To be classi- 
fied as massive the hemorrhage must have been severe enough to depress 
the admission red cell count to 2.5 million per cmm or less, or to reduce the 
circulating red cell volume to 60 per cent of normal or less. Our criteria in 
the selection of cases in which early operation is recommended may be tabu- 
lated, therefore, as follows ; 

1. The patient must have bled grossly into the upper gastro-intestinal 
tract mthin one week. 

2. The admission red cell count must be 2.5 mill/cmm or less, or the 
circulating red cell volume must be 60 per cent of normal or less. 

3 . There must be reasonably good evidence for the diagnosis of pep- 
tic ulcer. 

In addition, at least three liters of properly matched blood must be immedi- 
^Read before the American Surgical Association, Quebec, Canada, May 29, 1948. 
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ately available. Operation is advised and carried out at once when these 
circumstances are present. If the bleeding has been less severe, or condi- 
tions are otherwise than as outlined, a non-surgical regimen is instituted and 
tests are repeated 24 hours later, or with the appearance of further signs of 
hemorrhage. If the patient or his referring physician show reluctance 
toward recommended operation, the patient is put into the control series and 
is treated otherwise as nearly similarl}'^ as possible. Blood is given freely 
and food is allowed as tolerated. Grave associated disease has not consti- 
tuted a contraindication to operation in this series of cases, but rather the 
contrary. It seems reasonable that the rapid relief of anoxia and surgical 
control of hemorrhage would increase rather than impair the patient’s abil- 
ity to survive previously existing disease. Consequently, we have operated 
upon patients with advanced bilateral tuberculosis, hypertensive cardiovas- 
cular disease, extreme obesity, coronary sclerosis, pulmonary emphysema, 
chronic sepsis and cerebral hemorrhage. If the patient shows signs of 
hemorrhagic shock, the rate of administration of blood and preparation for 
operating are speeded up. In several instances operation was started within 
two hours of admission, while the patient was still hypotensive, but blood 
was being transfused rapidly at the same time. 

Within one-half hour after admission to the hospital blood studies are 
made by a trained laboratory team, and blood transfusion is started imme- 
diately after samples are taken. The measurements include red cell count, 
hemoglobin and hematocrit, plasma volume, extracellular fluid volume, 
plasma protein concentration and non-protein nitrogen, plasma chloride and 
COg-combining power, and blood sugar. The analytical methods used are 
standard methods with which the laboratory staff has had considerable ex- 
perience^-. The blood smear is studied for type of anemia and abnormal 
elements, and the clotting mechanism is investigated to exclude the presence 
of hemorrhagic diathesis. All blood given the patient is weighed and its 
hemoglobin and protein content are determined beforehand. Blood loss at 
operation is measured and in 29 gastric resections in this series averaged 
365 cc. Urine volume is measured daily and its content of cells and albumin 
and its specific gravity and pH are determined. In no instance was the 
lower nephron syndrome encountered. In patients operated upon liver 
biopsy is done as soon as the peritoneal cavity is opened, and the glycogen 
content of the specimen is measured. The blood studies are repeated within 
24 hours after the operation, and again before discharge from the hospital. 

The program of treatment may be briefly outlined as follows; If the 
criteria described are fulfilled, operation is advised within one hour after 
admission to the hospital, regardless of any associated disease, unless the 
patient is moribund from some cause other than hemorrhage from peptic 
ulcer. The anesthesia has been ether-oxygen mixture by endotracheal tube 
at the hands of a senior staff physician anesthetist. Blood is given through 
two cannulas before and during operation, and to a less extent afterwards. 
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The average interval between admission and operation has been 9.2 hours, 
most of which delay is occasioned in obtaining the necessary amount and 
type of blood. 

At operation subtotal gastric resection is done with antecolic Hoffmeister 
anastomosis, an average of 80 per cent of the stomach being removed as 
shown by actual measurements. If it is a posterior wall duodenal ulcer, 
where feasible the ulcer is dissected out. In some instances the procedure 
described by Allen is employed^. In two cases the posterior wall duodenal 
ulcer had so large a crater and was surrounded by so much acute inflamma- 
tor)’’ reaction that pyloric transection was deemed advisable. An interesting 
problem confronts the surgeon when at operation no lesion of stomach or 
duodenum can be detected and no cause for hemorrhage can be made out 
after careful abdominal exploration. In this situation extensive gastric re- 
section is performed without hesitation. In 5 such instances the resected 
specimen has shown shallow ulcers Avith open A^essels, the stomach being in- 
volved in 4 cases and the duodenum in one. 


Table I 



Circ.Vol. 

Plasma 

Plasma 

Serum 

R.B.C. 

Yc 

R.B.C. 

Protein 

Volume 

N.P.N. 

Mill/cmm 

% 

% Norm. 

Gm/lOOcc 

% Norm. 

Mg/lOOcc 

Operated on 2.S 

26 

48 

6.0 

100 

S3 

Not operated on 2,9 

29 

55 

5.9 

97 

43 

Average Values for Admission Laboratory Data in 

Patients 

with Acute 

Massive 

Hemorrhage from Peptic Ulcer 

(Early Operation 

in 32, No Operation in 21) 


An important technical point in some cases is evacuation of the stomach 
by gastrotomy before proceeding with gastric resection. The stomach is 
sometimes distended by a jelly-like cast of blood, and if the clot is carefully 
milked out through the transected loAver stomach extensive gastric resection 
then becomes feasible. 

Following operation penicillin and oxygen therapy are provided, and in 
the later cases streptomycin. The patient is out of bed within 24 hours for 
early ambulation. Sodium bicarbonate or sodium lactate is given intra- 
venously to maintain alkalinity of the urine. As a rule little blood is given 
postoperatively. The average period of hospitalization following operation 
has been 15 days. 

Of the 54 patients in the series to date 33 were operated upon early, and 
21 were not operated upon, due to disinclination on the part of the patient 
or the referring physician. Four of the patients operated upon AA’-ere found 
to haA’-e other causes for bleeding rather than gastroduodenal ulcer. One 
had esophageal Avarices, one hiatal hernia and peptic ulcer of the esophagus, 
one carcinoma of the cardia and one lymphosarcoma of the stomach. In the 
latter case gastric resection Avas performed, in the others only exploratory 
laparotomy. All four patients made uneA^entful conA^alescence. 

With regard to diagnosis, reliance has been placed chiefly on the history 
and physical findings. The passage of stools containing fresh or tarry 


793 




STEWART, SCHAER, POTTED AND MASSOVER 

blood had been noted by 44 of 50 patients, while 37 had vomited blood. All 
had either melena or hemateraesis. The majority of the patients gave a 
history of ulcer dyspepsia, though in seven cases the symptoms were of less 
than six weeks’ duration. In 16 patients a diagnosis of peptic ulcer had pre- 
viously been made by roentgen studies. The most important physical find- 
ings were pallor, peripheral evidence of shock, and epigastric tenderness. 
Blood in the stool and in the gastric contents was also important. Of the 
entire group of 54 patients 24 showed signs of hemorrhagic shock on admis- 
sion. Of these 24 patients 15 were in the operative group and the opera- 

Table 11 ’ 

Age Blood given, cc 

Number Average High Low Average High Low 


Operated on early 33 54.6 , 74 22 3.600 9,400 1,000 

Not operated on 21 61,0 82 35 2,040 11,000 0 


Age and Amo'unt of Blood Given in Patients Operated Upon Early and in Patients 
Treated Non-Surgically for Acute Massive Hemorrhage from Peptic Ulcer 

tion was not postponed but resuscitation and operation were carried out 
concurrently. The roentgen ray has not been used as a diagnostic aid in this 
series of cases, as in our judgment the findings of examination under these 
difficult circumstances are not definitive enough to warrant delay and fur- 
ther manipulation. 

Pathologically the bleeding ulcers of this series have fallen into two 
groups. More numerous have been the deep large indurated ulcers of stom- 
ach or duodenum, and often these lesions have penetrated neighboring struc- 
tures. Less common have been the single or multiple shallow ulcers of 
stomach, or less often of duodenum, with little or no external or serosal evi- 
dence to suggest their presence. These lesions are usually associated with 

Table III ^ 

Blood Total Plasma Plasma Total Serum 

R.B.C. Volume Cir. Hb. Protein Volume Cir. P.P. N.P.M. 

Mill/cmm % Norm. % Norm. Gm/lOOcc % Norm. % Norm Mg/lOOcc 


Admission 2.5 78 40.0 6.0 100 86 53 

24 hours 3.8 95 68.7 6.2 110 99 41 

Discliarpie 4.0 95 70.8 6.6 104 100 28 


Average Values for Laboratory Data in 32 Patients Operated Upon Early for 
Acute Massive Hemorrhage from Peptic Ulcer 

a short history. Hemorrhage may be fatal from these rather trivial looking 
lesions. The single marginal ulcer in the series to date followed gastro- 
enterostomy done many years previously, and gastric resection had to be 
supplemented by resection of jejunum and transverse colon and cecostomy. 
Convalescence was satis factor)’- despite the extent of the operative procedure. 

In Table I are shown admission laboratory data obtained prior to treat- 
ment in 32 patients operated upon, as compared with 21 not operated upon, 
average values being shown. The severity of the anemia is obvious. In ap- 
praising this factor one must always consider volume as well as concentra- 
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tion. The reaction to severe hemorrhage consists of shrinkage of circulating 
blood volume as well as anemia, hence these two laboratory findings must 
be taken together in setting up criteria for operation and for later assessment 
of the patient’s condition. Plasma protein and plasma volume are far less 
critical factors in the survival of the patient than total circulating hemoglo- 
bin, and in both groups of patients plasma volume was normal on admission. 
The group treated by early operation are shown to have been more depleted 
than the group of patients in the control series, particularly with respect to 
hemoglobin values. The higher non-protein nitrogen figures probably indi- 
cate greater blood loss in the group operated upon. 



In Table II appear data on age and blood transfusion therapy in the 
two groups of cases. Both groups of patients fell into the older age brackets, 
in which mortality rate is higher. It happened that the average age of the 
control group was somewhat greater than that of the group treated by early 
gastric resection. The patients operated upon received an average of 3600 
cc. blood, as compared with 2040 cc. for the control group. In the control 
group one patient received no blood, as he died of hemorrhage within one- 
half hour after admission. Conditions were not strictly comparable, there- 
fore, in the two groups of cases, though reasonably similar circumstances 
prevailed except for the factor of surgical operation. The patient in the non- 
operative group who received 11,CX)0 cc. of blood eventually succumbed to 
hemorrhage. 
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In Table III are shown laboratory data before and after treatment in 
the group of patients operated upon. It is notable that total circulating he- 
moglobin values remained at less than 75 per cent of normal despite the ad- 
ministration of 3600 cc. blood, average values being considered. This raises 
the question of the physiologic nature of the adjustments to hemorrhage and 
of the subsequent reaction to replacement therapy. In Chart I are indicated 
further computations bearing on this subject. In 10 patients treated by 
early gastric resection an effort was made to determine how much of the 
administered hemoglobin and plasma protein remained in circulation. In all 
cases the hemorrhage was completely controlled by operation, and there 
was no reason to believe further bleeding occurred. Processing losses and 
losses of blood at operation were included in the computations. It is evident 
that the total circulating plasma protein quickly returned to normal and re- 
mained there, despite the adminis- 
tration of 20 to 25 per cent in 
excess of that theoretically required 
to achieve normal values. Pre- 
sumably such excess plasma protein 
becomes a part of the “metabolic 
pool,” as pointed out by Whipple^"'* 
and Allen, Bogardus, Egner, and 
Phemister’'*, and is subject to the 
demands of nitrogen metabolism. 
With respect to the fate of hemo- 
globin administered in theoretical 
surplus, the explanation is more 
difficult. At the end of 24 hours 22 
per cent of the administered hemo- 
globin has apparently left the cir- 



Chaui II. — Average values for labo- 
ratory data in 32 operative cases of mas- 
sively bleeding peptic ulcer. 


dilation, while at the end of IS days 
35 per cent is “missing,” even 
though a serious anemia is present. 


There was no evidence of hem- 


olysis in these cases as a possible explanation for the discrepancy. It is 
conceivable that the body reservoirs of hemoglobin, called upon in life- 
endangering hemorrhage, demand repayment of the loan as soon as physi- 
ologic stress is relieved. Further investigation of this question is in order. 
Whatever the explanation for this finding, its practical significance is that 
much larger amounts of blood are required in the replenishment therapy of 
hemorrhage than is usually realized. Unquestionably these patients have 
been given too little blood in the past, whether operated upon or not. In- 
cidentally, we have seen no evidence of over-transfusion in any patient 
studied. Despite the frequent presence of hypertensive arteriosclerotic heart 
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disease in these patients, in none have we seen pulmonary edema, as described 
by Eaton in animal experiments^'^, or congestive failure. 

In Chart II are shown in graphic form average values for plasma pro- 
tein concentration, plasma volume, red cell count and total circulating red 
cell volume before and after treatment in 32 patients operated upon. The 
average interval between points 2 and 3 was IS days. The rapid decline of 
the initially elevated serum non-protein nitrogen to normal is worthy of note. 

Table IV contains data bearing on carbohydrate metabolism. Elevation 
of blood sugar was found to be the rule in the hemorrhagic state, and the 


T able IV 

Blood Sugar Hepatic Glycogen 

Mg/lOOcc Gm/lOOGm 

Average High Low Average High Low 

164 300 112 2.9 6.2 0,3 

Blood Sugar and Hepatic Glycogen Values (Liver Biopsy) in 16 Patients Operated on 

Early for Acute Massive Hemorrhage from Peptic Ulcer 


Table V 

Number Deaths 

Patients treated surgically 33 £ (iSyo) 

Gastric ulcer 12 3 

Duodenal ulcer 16 2 

Marginal ulcer 1 0 

Other lesions 4 0 ' 

Patients not operated on 21 6 (29%) 

Residts from Early Operative and N on-Sui’gical Managemeni of 

Acute Hemorrhage from Peptic Ulcer 


average value of 164 mg. per 100 cc. is to be compared with the normal of 
80 to 120 mg. per 100 cc. for the method used. In 16 cases just after the 
peritoneal cavity was opened the liver was biopsied and the glycogen content 
of the sample was measured. Definite reduction in hepatic glycogen was the 
rule. Presumably both these findings are related to activity of the sympathico- 
adrenal system, and possibly also to proceeding deficiency in caloric intake. 
The evidence indicates the need for the early administration of an adequate 
caloric supply to these patients. 

In Table V the mortality rates in the two groups of c'ases are indicated. 
The series is hardly large enough to warrant statistical analysis, but those 
of us concerned with the work believe that more lives are being saved by 
the piogiam of early adequate blood replacement and gastric resection than 
by the non-surgical plan of treatment. The surgical resident staff, on whose 
shouldeis falls the major part of the work of this rather gruelling program, 
aie among its niost enthusiastic proponents. If the resident staff is truly 
convinced of the value of a method — as all chiefs of teaching clinics know — 
the method must have real merit. 

In conclusion, evidence has been presented which tends to favor early 
lestoration of hemoglobin values and gastric resection as the method of 
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choice in the management of acute massive hemorrhage from peptic ulcer. 
The advantages of the method as seen at present are : 

1 . Hemorrhage is controlled directly 

2 . Mortality rate is lowered 

3 . Definitive treatment is provided for the peptic ulcer diathesis 

4. Early resuscitation and relief of anoxia is achieved 

5 . Diagnosis is established in doubtful cases 

6 . Pyloric obstruction when present is relieved 

7 . Less blood is required in many cases 

The method is not to be recommended, however, unless adequate facili- 
ties are at hand, and these may be summarized as : 

1 . Expert 24-hour laboratory service 

2 . Adequate blood bank 

3. Skillful anesthesiologic service. 

4. Expert surgical judgment and technique 

5 . Expert resident and nursing care 
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Dr. Allen O. Whipple, New York: I do not know of anything more trying or 
more difficult than to be called in consultation on a patient who has been bleeding for 
days, and finally the medical group call in the surgeon to advise further therapy. Many 

798 



Ycliime 125 
Ninib?" -5 


BLEEDING PEPTIC ULCERS 


of these patients are in a marked state of depletion, the\- are the worst kind of sur- 
gical risks, and when the surgeon advises surgery* he is faced with a very difficult prob- 
lem. Furthermore, many times exploration has been done in an attempt to find the 
bleeding point or stop the bleeding, and because of the condition of the patient at- 
tempts to resect them have not been made. Tliat type of surgery is not verj' effec- 
tive, It seems to me that when this type of case is seen earh* and there has been 
severe bleeding, the indication for extensive transfusion is very definite, and in that 
respect indications differ from those where extensive operations are done but the pa- 
tients are over-transfused. I am sure that many patients at present are being over- 
transfused in operations where they have not lost a great deal of blood, but where 
transfusion has been given on the theory of prevention of shock. I am sure, as Dr. 
Stewart has said, that this question should be very thoroughU’ investigated. In fact, 
I heard a short time ago of a patient who had to have a phlebotomy because he had 
been given too much blood. 

In regard to patients with the type of ulcer most conducive to severe hemorrhage, 
that is, the ulcer situated in the lateral mesial aspect of 'the duodenum, where resection 
of the stomach will not necessarily control the bleeding, there is one point that 
seems to me worth considering; that is, to identify tlie gastroduodenal arteiy' and 
ligate it. Of course the inferior pancrealico-duodenal may continue to be a source of 
hemorrhage, but I think the majority of cases bleed from the superior pancreato-duo- 
denal artery, and for that reason ligation of the main arteries entering the ulcer is an 
added safeguard. 

This series that Dr. Stewart has reported seems to me to be very timely, and em- 
phasizes the importance of not delaying surgery too long in the care of the severely 
bleeding gastric or duodenal ulcer. 

Dr, Edw.-\rd D. Churchill, Boston: Dr. Stuart has introduced a fundamental 
problem of hemorrhage. .A.s surgeons, we have been concerned with the immediate 
effects of acute massive hemorrhage; in other words, the effects on the intravascular 
blood volume, and have focussed our effort on the development of resuscitative meas- 
ures to control shock. Once the patient had recovered from the acute crisis, however. 
It was felt that the job was finished. If the patient had a residual hypochromic ane- 
uiia, it was thought time and iron therapy were sufficient. I am quite certain that this 
IS the point of view now held by many internists with regard to hemorrhage from 
ulcer. If the patient survives the immediate crisis of hemorrhage, then the residual 
hypochromic anemia is a simple medical problem. The real tragedy comes when a 
second emergency arises before complete compensation is established. This is an 
e\ent peculiar to bleeding ulcer and not infrequent. I have heard it pointed out re- 
peatedly by Di. Allen that such a patient cannot tolerate the crises of further hem- 
orrhage and surgical operation. This is a verj* sound observation, and Dr. Stewart is 
posing the question of why it is true 

The data presented on the disappearance of hemoglobin (54 hours after replace- 
uient therapy, 22 per cent hemoglobin missing; and after fifteen daj'S, 35 per cent 
hemoglobin missing) raise important problems. Dr. Stewart suggests tentatively that 
the body is recalling the hemoglobin for its stores. He finds no evidence of hemoh’sis. 
It is useless to speculate, but the Iwpothesis should also be entertained that the body 
ma\ be calling on the red cells for something other than hemoglobin. Dr. Stewart 
himself, a number of years ago, showed the diuresis of potassium that occurs after 
massi\e hemorrhage. In the face of generalized depletion in intracellular electrohiies, 
possibly the body calls for any excess balance of these items carried bj' the red cells. 

A similar situation was encountered in the management of battle casualties. There 
■^vas acute massive hemorrhage associated with the wounding, massive blood replace- 
ment-more blood than was lost, perhaps— to get the patient through the crucial initial 
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surgery, and yet two or three days later when tlie wounded man arrived at a general 
hospital, a profound anemia existed. These observations of Dr. Stewart link in with 
other studies that are being carried on. Those of Dr. Lyons and Dr. Gage were re- 
ported last year from New Orleans. I am certain that in the next few years the sur- 
geon will extend his concern about the management of hemorrhage to the late effects 
of acute blood loss on the body tissues as a whole. 

Dr. William C. White, New York; I thought it would be interest to empha- 
size a couple of points in which we have become greatly interested at Roosevelt Hos- 
pital in New York. About a year and a half ago we had the problem of treating a 
case of massive hemorrhage that had been admitted to the medical service and kept 
there for ten days. He had been given 8000 cc of citrated blood. One of my asso- 
ciates operated on this case, was thoroughly satisfied with the procedure, but at autopsy 
three days later we found there had been no evidence whatsoever of repair of the 
tissues, although he felt that he had performed a meticulous excision of ulcer with 
pj’loroplasty. We believed that the long wait plus the introduction of so much foreign 
blood had done something to the reparative power. For that reason, we have decided 
to operate within 24-36 hours or not at all, during the acute phase. We have become 
satisfied with this policy. For that reason, in agreement with the medical service, we 
have made it a practice to admit all massive hemorrhage cases to the surgical side. 

We are in complete accord with what Dr. Stewart has said, but I would like to 
emphasize a factor which he perhaps did not have time to mention. We routinely use 
a thin barium by mouth in all these cases, even though they are extremely sick. We 
do not allow fluoroscopic pressure, as we are a little fearful of what might happen. 
If we cannot get any evidence of ulceration of the stomach or duodenum, we treat 
these cases in a palliative fashion. 

Dr. J. E. Rhoads, Philadelphia: I think we are all in agreement with the prin- 
ciple that many of these patients should be operated upon earlier than has been the 
case in the past, and that we should avoid having them carried along for many days 
in medical wards and then turned over for surgery practically in extremis. However, 
I wonder somewhat whether it is necessary to divide all this group of patients at once 
into those we are going to operate on immediately and those whom we are not going 
to operate on at all. It seems to me there is a good deal of experience to show that 
large numbers of these patients will stop .bleeding spontaneously, and that they can be 
operated upon more safely after they have recovered from the immediate effects of 
hemorrhage. For that reason, many of- us have felt it better to give most of them, a 
chance to stop bleeding on a medical regimen. Admittedly, this increases the risk 
somewhat for those who will not stop bleeding, but after all, this group is in the 
minorit 3 L It should make the overall mortality lower because those who do stop 
bleeding will recover from the effects of the hemorrhage and can then be operated on 
in the interval, while those who do not stop bleeding can still be operated on after a 
trial period on a Aleulengracht regime, with success in a large percentage of cases. 

Dr. Gavin AIiller, Montreal : Massive hemorrhage in the older group gives a 
high mortality and multiple transfusions may tide these patients over the crisis but, as 
Dr. Churchill pointed out, thej^ do not respond as well to further transfusions if a 
second crisis occurs, no matter how much blood is given. I am inclined to consider 
transfusions as a temporary assistance, but not to consider that a transfusion in all 
waj's take the place of the blood lost. It is a foreign bodj^, and given in too large 
quantities may overstep the margin of safety and cause damage. When skin grafts 
are used from parent to child as a temporary means of covering burned areas they 
“take” but do not live, and gradually disintegrate. I think that blood probably acts in 
a similar waj^ when given to another person, and soon is destroj'ed. This is perhaps 
the reason for the marked secondarj' anemia which may be difficult to overcome after 
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prolonged hemorrhage. For 20 years I have advocated “immediate” operation; that 
is, i£ bleeding does not stop within 24 hours, on patients past 45 years of age who are 
admitted with massive hemorrhage. In this group of patients — who number 8 or 9 — 
no fatality has occurred when the stomach was resected. Had those patients been al- 
lowed to bleed on for days, a higher mortalit 3 ’- would have occurred, as all statistics 
on bleeding ulcer tend to show. 

Dr. Charles G. Johnston, Detroit: Dr. Stewart’s presentation seems to me to 
be a very timeU one. We have treated these patients in the past expectantly, and all 
too often there is great difliculty in having surgeons see these patients early enough to 
follow them well or to treat them. In many institutions it is common practice for 
bleeding peptic ulcers to be admitted to the medical ward, and for the internist to call 
the surgeon onL' when he has failed completely, and in many instances the surgeon 
is called when tlie patient is practicalljr moribund. Recently, \vith some difficulty, we 
have been able to have these patients admitted directly to surgery, and our experience 
with them has been much bettci. We have found, as I am sure most of you have, 
that an operation in the early stages with adequate replacement of blood ’at the time of 
operation, is a lot less likely to cause death than a similar operation two, three or four 
days later, after the patient has been bled out several times and has had frequent 
blood replacement. Dr. Stewart's discussion of this is ver}' interesting to me. 

When such a patient is admitted to our hospital he goes to the surgical ward. 

If he is bleeding from the upper gastro-intcstinal tract a stomach tube is passed into 
the stomach, and the stomach is well washed out. One of my associates. Dr. Byrne 
Daly, has amply demonstrated that it is quite possible to keep the stomach alkaline 
enough by the administration of phosphate buffers to permit the action of thrombin. 

The stomach is washed out, the phosphate buffer is introduced, the tube is kept in 
place with light suction and tlien 10,000 units of thrombin is added. If the thrombin 
is going to work, it w'orks ver^’’ soon, and within an hour or two one can tell whether 
the patient is going to stop bleeding. If he continues to bleed we recommend, regard- ^ 
less of his age, that he be operated upon and usually a gastrectomy is performed. We 
have felt this to be much more in keeping with sound principles of surgery. If a pa- 
tient were bleeding externally, a direct attempt would be made to stop it. It seems 
to me that it is quite difficult to tell what is happening or is going to happen to the 
patient if one does not know and cannot determine the amount of bleeding. We find 
It quite necessary to continue alkalinization with the buffer solution for a fair period 
of time after bleeding stops. In the first cases we were not successful because, after 
the bleeding stopped, we stopped giving the buffer solution. We interpreted our fail- 
ure as due to digestion of the soft clot which had been formed. It is quite obvious 
that thrombin will not stop bleeding in an open vessel of any size, but many patients 
leed through smaller vessels and without a great deal of force, and many of them do 
stop after thrombin and buffer is given. Those that continue to bleed should receive 
early surgical treatment. 

Dr John D. Stewart, Buffalo (closing) ; I think you must have noted that, in 
t e discussion, the time factor has been mentioned repeatedly. It seems to me that 

IS IS one of the crucial aspects of this question. A patient with massive bleeding 
rom an ulcer of the upper gastro-intestinal tract is to be considered a surgical emer- 
gency. Certainly such patients should be admitted on the surgical rather than the 
me teal service. The time factor is of utmost importance. 

It used to be stated by the older surgeons, who based this on accumulated sound 
o servation, that a patient who was bleeding massively from an ulcer would respond 
0 one transfusion, possibly even two, hut not to the third. That has been an interest- 
mg consideration to me. There are at least two explanations that come to mind. In 

e first place, undoubtedly one, two or three pints of blood under the circumstances 
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was. inadequate replacement; but the second point, more interesting, is that during the 
course of massive hemorrhage and shifts of body fluids, a great many metabolic 
changes undoubtedly take place which have not been fully understood. It is not in- 
conceivable that the enzymatic functions of the liver may be seriously disturbed by 
sublethal anoxia and precipitate irreversible changes. There is need therefore for 
early decision as to definitive treatment in these cases and that is one of the main 
points I want to bring out. In the selection of cases for early operative treatment 
various criteria have been advocated from time to time. I am doubtful of the value 
of such a policy for I do not believe it is possible to tell with any degree of assurance 
which patients will stop bleeding. I am particularly opposed to a “wait and see” 
policy, for during the period of procrastination irreversible changes in vital organs 
may occur and the opportunity to perform effective surgery may be lost. With re- 
spect to the age factor, statistically speaking older patients are unquestionably less 
tolerant of massive hemorrhage. However, some young patients die and some old 
patients survive. Our approach to date has been more in the direction of setting up 
an active plan of treatment which offers the best prognosis regardless of age. 
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Coarctation of the aorta liclongs to the group of congenital cardiovas- 
cular malformations in which arteriovenous shunts are absent, and in which 
there is no cyanosis. Fortunatcl}', diagnosis is not difficult in most cases if 
one recalls that there is usually hypertension in the upper part of the body and 
hypotension below. There is iisiiall}' evidence of increased collateral arterial 
pathways in the upper part of the body, absence or suppression of arterial pul- 
sations in the lower extremities, and notching of the ribs in the older patients, 
A systolic murmur may be present. The stenosis or atresia can usually be 
visualized by angiocardiography. The complications associated with severe 
coarctation include those accompanying hypertension due to other causes. 

This paper consists of a consideration of the surgical treatment and the 
physiopathology of coarctation of the aorta. The surgical treatment will be 
considered first. 


The first method for treating coarctation was published by Blalock and 
Park^ in March, 1944, in a paper entitled “The Surgical Treatment of Experi- 
mental Coarctation (Atresia) of the Aorta.” In brief, this method consisted 
of using the left subclavian artery as a pathway by which the blood could be 
shunted beyond the point of stenosis. The use of this method was not attempted 
on patients at this time, and in the latter part of 1945 Crafoord and Nylin^ 
and Gross and HufnageF reported a better method. This consisted of excision 
of the stenotic area and the performance of an end-to-end anastomosis between 
the proximal and distal ends of the aorta. The first operation on a patient 
by Crafoord was on October 19, 1944, and that by Gross on June 28, 1945, 
Clagett^ of the Mayo Clinic was the first to use the subclavian artery to by-pass 
the point of stenosis in patients. 

Everyone is agreed that the ideal operation is one in which the stenotic 
area is excised and the proximal and distal ends of the aorta are united by 


suture. Unfortunately there are some instances in which this does not appear 
to be feasible. Most frequent among these are those cases in which the atretic 
area is long and those in which the aorta is so diseased that end-to-end suture 
following excision is not feasible.' The question has been raised as to whether 
one should employ the left subclavian to by-pass the point of stenosis if the 
ideal operation cannot be performed. It is our contention that this method 


^ ided by a grant from The Commonwealth Fund for Physiological Study of Con- 
I^isease, and The Carolyn Rose Strauss Foundation, Inc. for Diagnosis 
t Congenital Cardiovascular Defects. 

T ead before the American Surgical Association, Quebec, Canada, May 29, 1948. 
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should be used providing one does not have to sacrifice the large intercostal 
collateral arteries which arise from the aorta just beyond the point of stenosis. 
It is usually possible to save these blood vessels. It is our impression that the 
transposed subclavian artery will convey more blood to the lower part of the 
body than will the collateral vessels from the undivided subclavian artery. 

There are several points about the technic of the operation which are 
worthy of brief comment. The first of these is concerned with the incision. 
In some of the earlier operations the posterior half of the fifth rib was removed 
and the paravertebral ends of the fourth and sixth ribs were divided. We now 
follow the recommendation of Crafoord in removing practically the entire 
length of a rib, usually the fifth, and it is not necessary to divide other ribs. 
An adequate exposure is obtained and there appears to be less discomfort and 
dyspnea in the postoperative period. Furthermore, there is less damage to 
intercostal blood vessels. 

In the earlier operations which we performed, one or more pairs of inter- 
costal arteries immediately distal to the point of coarctation were doubly ligated 
and divided. With additional experience we now follow the advice of Cra- 
foord in trying to spare these arteries. In the first place these vessels are 
very large and thin walled, and one may encounter troublesome bleeding as 
a result of attempted ligation and division. In the second place these arteries 
are important collateral pathways, and it is particularly important to preserve 
them in case' difficulty should be encountered in completing the anastomosis. 
The intercostals just distal to the coarctation may be occluded with one or 
more rubber-shod clamps. Fortunately, these vessels run upwards and do 
not interfere with approximation of the ends of the aorta while the anastomo- 
sis is being performed. 

In the majority of patients with coarctation of the aorta the point of steno- 
sis is only a short distance beyond the point of origin of the left subclavian 
artery. Obviously one can occlude the left subclavian artery as well as the 
aorta during the time required for excision of the stenotic area and the per- 
formance of an end-to-end anastomosis, but this decreases the quantity of 
blood which reaches the lower part of the body during this procedure. We have 
been able to escape this added danger by using a modified Potts arterial clamp 
which occludes the aorta completety, but permits some circulation through the 
subclavian artery. This clamp is introduced in the free space between the 
points of origin of the left common carotid and the left subclavian arteries. 
It is shown in place in Figure 1. 

A single layer of sutures which includes the entire thickness of the wall of 
the aorta has been used in our operations and in those by Gross. This point 
is mentioned because Crafoord has attempted to avoid inclusion of the intima 
of arteries in his anastomoses. It is our opinion that one obtains a smoother 
intimal surface and a stronger arterial wall with less tendency to the formation 
of aneur}fsms when the entire thickness of the wall of the vessel is included 
in the suture. 
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It is probabty a matter of personal choice as to whether one employs an 
everting or an overhand suture in performing the anastomosis. We prefer the 
former type because it leaves less suture material and smoother intimal sur- 
faces in contact with the flowing stream of blood. The suture material which 
we use is 0000 silk on small round needles (Deknatel). 

Following the completion of the anastomosis, we have followed the advice 
of Gross in releasing the occlusion of the aorta slowly and at the same time 
lowering the patient’s head and introducing blood intravenously rather rapidly. 
In one patient the heart’s action became slow and feeble but it improved on 
reapplication of the clamp. Subsequent removal of the clamp was tolerated 
without incident. 



Fig. 1. — Illustrates the modified Potis clamp in position. It may be 
seen that while it occludes the aorta completely, it permits blood to flow 
through the subclavian artery. 


Our operative experience is limited to 23 patients with coarctation of the 
thoracic aorta. The ages varied from 7 to 31 years. Thirteen of the patients 
weie 20 or more years of age. An anastomosis was attempted in 22 of the 23 
cases and was completed in 21 of them. In the one case in which the anasto- 
mosis was not attempted the site of coarctation was several interspaces below 
tie usual site and the constriction' was longer than usual. Furthermore, the 
^istal aoita was somewhat hypoplastic and was surrounded by adhesions, 
n le case in which the anastomosis was attempted but not completed, 
ie proximal aortic clamp became dislodged, resulting in sudden stoppage 
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of the heart after approximately one pint of blood had been lost. Even 
though control of the vessel was obtained quickly, efforts at resuscitation failed. 
As a result of this experience, a mechanism for locking the aortic clamps 
was devised. 

An anastomosis was completed in 21 of the 23 cases. In 17 of these the 
site of coarctation was excised and an end-to-end anastomosis was performed 
between the proximal and distal ends of the aorta. The only fatality in this 
group was a 13-year-old boy in whom a cerebral thrombosis of the left internal 










Fig. 2.— Reveals the findings in a patient in whom the subclavian 
artery arose distal to the point of stenosis. 

carotid and left middle cerebral arteries occurred postoperatively. It was noted 
preoperatively that he stuttered quite badly. The operative procedure was an 
easy one and no difficulty was encountered. The only other complication in 
this group was the development of a sixth cranial nerve paralysis on the 
right in a recent patient. It was felt that this may have been caused by a 
pre-existing intracranial aneurysm. 

In four patients the proximal segment of the aorta was considered to be 
too short for an end-to-end suture, and the left subclavian artery was used 
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to by-pass the point of stenosis. Most of these cases occurred in the early part 
of the series and it is likely that with additional experience an end-to-end 
anastomosis could have been performed in some of them. There was one 
death in this group. The patient was a child of seven who had evidence of 
heart failure with pulmonaiy hypertension preoperatively. Free pleural fluid 
and pulmonary edema were present at the time of operation. The anastomosis 
was perfonned without difficulty but the child died as the chest was being 



3. — Shows the completed anastomosis. It may be seen that the 
artery has been divided, and that the suture line extends onto 
the base of the vertebral artery. 


closed. Mitral stenosis, thickening of the tricuspid valve, pulmonary arterio- 
and arteriolar sclerosis, and pulmonary edema were found on postmortem 
examination. A second patient in this group developed a partial paralysis of 
the legs as a result of the operation. It was the opinion of the consulting 
neurologist that this was due to an occlusion of the anterior spinal artery 
which may have been aberrant. 

If we consider the two groups together, it is to be observed that there were 
ree deaths in the 22 cases. Two of these occurred in the younger age group 
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BRACHIAL AND FEMORAL SYSTOLIC 
PRESSURES FOLLOWING OPERATION 



Fig. 4. — Charts the changes in blood pressure following 
resection of the stenosis. The solid line represents brachial 
systolic pressures; the broken line femoral systolic pressures. 
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and one in the 9 lder. The latter death was due to a technical error at the 
time of operation and should have been avoided. Cerebral thrombosis in one 
case and pulmonary edema in the presence of valvular disease and pulmonary 
sclerosis in the other accounted for the two deaths in the younger age group. 

The findings in one of the cases were of sufficient interest to merit spe- 
cific comment. Physical examination and angiocardiography in a female of 
26 indicated that the coarctation was proximal to the orifice of the left sub- 
clavian artery. Arterial pulsations in the left arm were weaker than those in 
the right, and notching of the ribs was present on the right and not the left. 
On exploratory thoracotomy it was found that the left subclavian artery 
arose from the aorta immediateh^ distal to the point of stenosis. Temporary 
occlusion of this artery did not cause a diminution in the radial pulse on the 
left; in fact, the anesthetist thought it caused the pulse to become stronger. 
The flow of blood in the left subclavian artery was the reverse of the normal 
direction. The orifice of the left subclavian was so close to the site of coarc- 
tation that it appeared to be necessary to sacrifice it in doing an excision of 
the stenotic area and an end-to-end anastomosis. A diagram of the operative 
procedure is shown in Figures 2 and 3. A satisfactory result has followed 
this operation. 

During the three weeks postoperative period that our patients have re- 
mained in the hospital, two observations have been made which seems worthy 
of comment. In every case where headache has been a prominent preoperative 
symptom, it has been conspicuously absent postoperatively. It has also been 
noted that the systolic blood pressure in arm and leg require some five to 
ten days to stabilize. This is illustrated in Figure 4, and has been commented 
upon by Gross'’ and Shick.® Follow-up studies upon these patients are cur- 
rently in progress. 

Studies on the physiopafhology of this malformation have dealt primarily 
with the etiolog}^ of hypertension in the upper part of the body. Therefore, 
most investigators have been concerned with the relationships of blood pres- 
sures, blood flows, and vascular resistance in the upper and lower extremities. 
Conclusions drawn from the studies have been controversial. Blumgart found 
normal arteriolar pressures in the arms and legs and concluded that the ele- 
vation in blood pressure was the result of the resistance offered by the aortic 
stricture and the collateral pathways."^ Similar conclusions were reached by 
Lewis, who found normal blood flow through the arm and leg, but observed 
vasodilatation in the head, neck, and hand.® More recent studies, however, 
have emphasized the role of peripheral arteriolar resistance. Pickering postu- 
lated an increase in arteriolar resistance limited to the upper part of the body 
and attributable to vascular narrowing.^ Prinzmetal and Wilson found de- 
creased blood flow through the arm and concluded that arterial hypertonus of 
vasomotor origin must be present in the upper limbs.^® 

The introduction of intra-arterial blood pressure measurements in man by 
Hamilton’s method opened a new line of approach.^^ Using this technic, Steele 
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found elevations above normal of the diastolic pressure in the radial and 
femoral arteries. This was interpreted as evidence of a generalized increase 
in arteriolar tone throughout the bod)^^“ According to Rytand, interference 
with the renal blood supply caused by the stricture of the thoracic aorta was 
responsible for the increased resistance.^® This conclusion was supported by 
the finding of Goldblatt that hypertension occurred if the aorta was constricted 

CARDIAC INDICES 



above the level of the renal arteries and failed to appear when the aorta was 
constricted below.^^ Increased renal vascular resistance, observed in cases 
of coarctation of the aorta, might be construed as further evidence of the par- 
ticipation of the kidney in the production of hypertension.^® On the other 
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hand, hypertension in the arm has been observed in several cases of coarctation 
where the stricture was l)elow the level of the renal arteries. In one of these 
the renal blood flow was normal 

This short review of the literature illustrates the variety of results and 
interpretations. The introduction of surgical therapy is of such recent date 

ARM BLOOD FLOWS 



^-rrShows that the mean preoperative blood flow through the forearm of 
® , coarctation is marlcedlv elevated. Postoperatively it falls to essen- 

tially normal levels. 
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that few reports dealing with postoperative changes have been published. The 
succeeding paragraphs of this paper deal with studies concerning the pre- and 
postoperative hemodynamics in coarctation. The mechanisms leading to 
hypertension will be discussed in the light of these findings. 

A total of 22 patients were studied. Postoperative investigations were 
carried out three weeks following surgery. Cardiac output was determined 
according to the Fick principles using right heart catheterization for sampling 
of mixed venous blood. All cardiac outputs were expressed in liters per min- 
ute per square meter of body surface (cardiac index). Blood gas analyses 

LEG BLOOD FLOWS 



Fig. 7.— Illustrates that the mean preoperative blood flow through the calf is 
sligh% below normal values, rising postoperatively. 

were carried out in the manometric apparatus of Van Sl34e and Neill.^® Analy- 
ses of respiratory gases were performed using the apparatus of Haldane^® and 
the Pauling oxygen analyzer. Intra-arterial blood pressures were determined 
using hypodermic strain gauge (Statham) or Hamilton manometer. Mean 
pressures were derived by planiraetric integration of the area under the pressure 
curt'c. Renal blood flow and glomerular filtration rate were determined in 
most of these individuals by Dr. Jacques Genest and co-workers using the 
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clearances of para-amino hippuric acid and sodium thiosulfate. Their studies 
form the subject of a separate report, but reference will be made to their results. 
Blood flows through the leg and forearm were measured at 32° C. with the 
plethysmograph described by Wilkins and Eichna.-® Their results on 14 
normal individuals agreed closely with those obtained on five normal indi- 
viduals in this laboratory. The combined data were used in the statistical eval- 
uation of normal blood flows through the forearm and leg. There is consider- 
able disagreement in the literature concerning values for normal blood flow 
through the extremities.^* This appears to be primarily the result of 
differences in the apparatus used and of variations in the temperatures at which 
determinations were made. 


COMPARATIVE PRE AND POSTOPERATIVE 
BLOOD PRESSURES 


ARM 


LEO 


Figure 5 illustrates the preop- 
erative cardiac indices of 16 in- 
dividuals ; in nine, the indices were 
determined postoperatively. It may 
be seen that there was some scatter 
of the figures. In three instances 
the pre- and postoperative values 
for cardiac outputs were sig- 
nificantly elevated above normal. 
However, the remainder of the data 
fell within the normal range estab- 
lished b}*' Cournand and his asso- 
ciates. (Fig. 5.)^^ It may be con-’ 
eluded, therefore, that the cardiac 
output of patients with coarctation 
of the aorta before and after resec 
tion of the stenosis is within normal 
limits. 

The blood flow through the 
forearm was determined preopera- 
tively in seven cases. Postoperative 
observations were made in five in- 
dividuals. Figures 6 and 11 illus- 
trate that the preoperative blood 
flows through the arm were sig- 
nificantly elevated above normal, with a mean value of 6.3 cc./min./lOO cc. 
arm tissue, as compared with a normal of 3.7 cc. Postoperatively the blood 
flow through the forearm decreased toward normal. (Figs. 6 and 11.) In 
contrast, the preoperative blood flow through the calf, determined in the same 
individuals, was below the standard deviation of the normal, with a mean of 
2.1 cc./min./lOO cc. leg tissue as compared to 3.4 cc. in the normal. (Figs. 
7 and 11.) Postoperatively the flow through the calf, measured in five cases, 
rose to normal levels. These findings are at variance with those obtained by 


200 r 


ISO 


160 


140 


120 


100 


80 


60 


40 


20 


PRE 

OP 

7 . 

O 

□ 


POST 

OP 


SYSTOLIC PRESSURES 
MEAN PRESSURES 
DIASTOLIC PRESSURES 


Fig. 8. — Shows the relationship of 
intraarterial systolic, diastolic, and 
mean pressure in arm and legs pre 
and postoperatively. It may be seen that 
after . operation pressures tend to 
equalize. 
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Lewis, who found normal blood flows in both upper and lower extremities.® 
Low flows through the arm and hand were described by Prinzmetal and 
Wilson.^® It is probable, however, that the results are not comparable because 
of the variations in the techniques. 

Direct intra-arterial blood pressure determinations from the brachial and 
femoral arteries were performed in 17 preoperative cases. (Fig. 8.) In seven 
of these, pressures were recorded simultaneously. (Fig. 9.) Figure 9 shows 
the elevation of the systolic and mean pressures in the arm.^‘ With two excep- 

SIMULTANEOUS PRESSURE RECORDINGS 
IN COARCTATION OF THE AORTA • ■ 


MEMBRANE 2. 
FEMORAL 
ARTERY 
MEMBRANE \. 

Fig. 9.— 
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simultaneous direct pressure recording from the brachial and 
femoral arteries before and after operation. 


A. ONSET OF BRACHIAL SYSTOLIC 
PULSE WAVE. 

B. ONSET OF FEMORAL SYSTOLIC 
PULSE WAVE AND BRACHIAL 



E. END OF FEMORAL DIASTOLIC 
PULSE WAVE. 

Fig. 10.— —Shows the alterations in the components of the femoral pulse wave as 
compared with the brachial pulse wave. The delay in the onset of the femoral up- 
stroke, and the difference m duration of brachial and femoral upstrokes in demon- 
strated. 

* Following the criteria of the American Heart Association, the upper limit of normal 
sjstolic pressure was taken as 140, the upper limit of normal diastolic pressure was taken 
as 90 mm. Hg. The upper limit of normal mean pressure was considered to be 110 mm. Hg. 
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tions, the diastolic component was also elevated. The pulse pressure was in- 
creased. Postoperatively the systolic, diastolic and mean pressures fell in most 
instances. (Fig, 8, Table I.) 

The systolic blood pressures taken from the femoral artery of 15 individ- 
uals were below normal in every instance. In only one patient was the dias- 
tolic pressure higher than normal. Mean pressures were not elevated. Post- 
operatively, the systolic and mean pressures rose, the diastolic component 
remaining almost constant. (Fig. 8.) These findings corroborate those of 
King, Steele, Gross, and others."* ^“* ° 

The contours of the femoral and radial pulse waves have been compared by 
Woodbur}’- and by Brown and their associates.”^* These investigators found 
the brachial pulse contour of normal appearance. Pressure curves from the 

Table I. — Direct Blood Pressure Determinations in Coarctation 


Preoperative P’ostoperative 



A 

-rnl Leg- 


Arm- 


Leg- 



S/D 

S/D 


S/D 


s/D 


Name 

mm. Hg 

Mean mm. Hg 

Mean 

mm. Hg 

Mean 

mm. Hg 

Mean 

E. W. 

205/122 

150 ,105/89 

97 





A. W. 

196/107 

136 98/80 

91 

157/77 

98 

154/92 

122 

M. 0. 

133/103 

114 115/98 

103 

112/65 

88 

147/85 

106 

B. C. 

200/115 

162 






W. D. 

171/93 

135 125/52 

91 



148/90 

110 

H. S. 

186/118 

170 102/78 

87 



109/72 

88 

C. S. 

150/38 

142 88/66 

77 

160/140 

147 

89/72 

78 

D. P. 

>200/134 

173 78/62 

72 

120/75 

91 

125/74 

87 

W. B. 

>200/118 

174 65/53 

61 

155/96 

128 

118/78 

93 

C. C. 

150/107 

132 






B. A. 

>200/100 

144 52/45 

48 





V. W. 

200/97 

170 68/52 

63 

124/84 

104 

109/73 

88 

J. W. 

178/91 

144 100/77 

92 

144/71 

96 

112/66 

88 

R. K. 

200/92 

162 96/73 

88 

178/98 

140 

178/102 

140 

V. T. 

175/88 

127 97/74 

84 

, 134/70 

108 

142/73 

125 

A. P. 

>200/100 

160 91/61 

78 





D. B. 
Arith. 

134/62 

98 66/52 

62 

122/71 

92’ 

108/58 

79 

Mean 

>183/106 

144 91/68 

81 

141/85 

109 

128/78 

100 

femoral 

artery. 

however, showed a 

retardation of the 

upstroke of the 

pulse 


wave and a broad rounded peak, making the pulse contour almost a smooth 
curve. Figure. 10 illustrates the contrast between the configuration of the 
brachial and femoral pulse waves in a patient of this series. The shape of the 
femoral pulse wave is the result of damping of each wave as it passes through 
the area of resistance presented by the aortic stricture and the collateral chan- 
nels. It has been pointed out that the effect of the insertion of a small to 
moderate resistance into the pathway of a transmitted wave is to dampen the 
amplitude of the curve, leaving the mean pressure relatively unaffected.^^ 
It is by this mechanism that femoral pulse pressure is reduced while mean 
pressure remains at or near normal levels. 

Prolongation of the normal interval between the onset of the upstroke of 
the femoral and the brachial pulse waves has also been reported.^^ Similar 
observations were made in the patients of this series. It may also be seen in 
Figure 10 that the duration of the femoral arterial upstroke was more than 
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twice that of the brachial. Since the sum of the entire length of the pulse wave 
is the same for both brachial and femoral arteries, the downstroke component 
must be shortened in the femoral. 

Analysis of the physiologic data. An analysis of the mechanisms of hyper- 
tension from the data presented must deal primarily with the relationship of 
vascular resistance, blood flow, and blood pressure. Since the cardiac output 
of patients of this series is normal, the hypertension must be due to an increase 
in vascular resistance. This could be the result of one of two mechanisms. 
The first mechanism was suggested by Blumgart, who believed that the site 
of resistance was in the aortic stricture and collateral vessels.”^ The second 
mechanism, proposed by Steele, by Stewart,^® and by Rytand,^® postulated 
that the increase in resistance was generalized, affecting the whole peripheral 
vascular tree. Such a disturbance exists in renal and in essential hypertension. 
Rytand is of the opinion that in coarctation the kidney is responsible for the 
increased resistance because of interference with its blood supply,^® If this 
were the case, the overall arterial resistance exclusive of the stenosis and the 
collaterals should be elevated. However, calculation of an increase in overall 
peripheral resistance is not in itself sufficient evidence of a renal pressor mech- 
anism, for in renal hypertension the resistance must also be equally distributed. 
By contrast, the increase in overall resistance which may be present in neuro- 
genic hypertension produced by sectioning of the buffer nerves in dogs is of 
unequal distribution.^'^ Therefore, if the hypertension in coarctation is renal, 
the increase in arterial resistance must affect all branches of the circulatory 
tree to an equal degree. 

The resistance due to peripheral arterial tone alone may be estimated by 
subtracting from the total overall resistance a calculated value for the resistance 
of the stenosis and the collaterals. Let rc represent the resistance through the 
collaterals and the coarctation; R^, the total overall resistance; and RP, the 
resistance due to periplieral aterioles alone ; then 

(1) RP = Rt _ rc. 

Pressure 

With a simplified version of Poiseuille’s formula / Resistance = 

Flow j 

the various resistances may be estimated.* 

PL 

(2) rc = 

F 

where rc represents the resistance through the collaterals and the coarctation ; 
PL, the loss in pressure head across the coarctation and the collaterals ; and 
F, the blood flow through the coarctation and the collaterals. Since it is not 
possible to ascertain the blood flow through this region, let F equal cardiac 
output. The rc thus derived then should be the lowest possible resistance for 
this portion of the vascular bed. Thus, Rt, the total overall resistance, would 


* All resistances calculated by these formulae are expressed in arbitrary units. 
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represent the highest possible value, and RP would likewise be maximal. 

PA 

(3) Rt = 

F 

where Rt represents the total overall resistance, including that of the coarcta- 
tion and the collaterals, PA the mean pressure in the brachial artery, and F 
equals the cardiac output. 

Table II illustrates that preoperative and postoperative values for the 
peripheral resistance exclusive of the stenosis and the collaterals are below 
normal. Since these values are maximal, true peripheral resistances must be 


Table II. — Peripheral Resistance in Coarctation of the Aorta 



— 

- Preoperative 



Postoperative 


Case 


rc* 

RP* 

Rt* 

rc* 

RP* 

B. A. 

3? 

26 

13 




v. W. 

41.5 

26 

15.5 

38.5 

6 

32.5 

J. W. 

49.5 

18 

31.5 

17.5 

1.5 

16 

R. K. 

38.5 

17.5 

21 

14 

0 

14 

V. T. 

33.5 

11 

22.5 

36 

0 

36 

A. P. 

24 

12 

12 




D. B. 

26 

9.5 

16.5 

33 

4.5 

28.5 

MEAN 



19 



25 

NORMAL* 



29 



29 

*R^ = total 

resistance including 

stenosis 

and collaterals = brachial 

pres- 


sure/cardiac index. 

> 

rc represents the resistance of the stenosis and collaterals = drop in 
pressure/cardiac index. 

Rp represents the peripheral resistance = R^j, — rc. 

Normal peripheral resistance calculated using a mean pressure of 96 * 

mm. Hg and a cardiac index of 3.3. 

lower. This finding differentiates the mechanism of hypertension in coarcta- 
tion from that in renal and essential hypertension. 

Further evidence for the absence of a renal mechanism in the pathogenesis 
of hypertension in coarctation is lack of proportional increase in resistance in 
various portions of the vascular tree. In an attempt to assess the resistance 
in various parts of the body, Steele’^ and Stewart^*^ postulated an increase in 
the arteriolar resistance of the leg on the basis of an elevation of the diastolic 
pressure in the femoral artery. A similar increase in resistance was demon- 
strated in patients of this series despite the finding that only one out of 15 
preoperative cases showed an increase in femoral diastolic pressure. This cal- 
culated increase in resistance accounts for the decrease in blood flow through 
the leg in the presence of a normal mean pressure. It is apparent from pre- 
ceding discussions that conclusions regarding peripheral vascular resistance 
drawn from the height of the diastolic pressure alone are unjustified. 

It is of interest that following the operation the blood flow through the leg 
approaches normal. (Figs. 7 and 11.) During the postoperative period oi 
observation, however, there is a proportional rise in the mean pressure in the 
femoral artery, indicating that the postoperative resistance in the leg remains 
elevated. (Fig. 11.) 


817 



BING, HANDELSMAN, CAMPBELL, GRISWOLD AND BLALOCK 


Blood pressures from the brachial artery obtained in the patients of this 
series agree with those of King, Steele, and others.-^’ Figure 9 illustrates 
that brachial systolic, diastolic and mean pressures are elevated. The blood 
flow through the arm is markedly increased (Figs. 6 and 11), and consequently 
the mean resistance is normal or only slightly elevated. (Fig. 11.) On the 
other hand, in patients with essential and renal hypertension the arm flow is 
normal but the vascular resistance in the extremity is markedly elevated. 
Postoperatively the blood flow through the arm and the brachial arterial pres- 
sure decrease in the same proportion. Therefore, no appreciable change in 
the vascular resistance occurs. 

There is general agreement that the vascular resistance in the kidney is 
increased in patients with coarctation.-® As in essential and renal hyperten- 


PHYSIOLOGICAL FINDINGS IN COARCTATION 



Fig. 11. — Compares mean pressures, blood flows through the limbs, and vascular 
resistance through the limbs before and after operation. 


sion, the increased vascular tone is in the efferent arterioles. On the other 
hand, cases with severe hypertension in the upper extremity have been re- 
ported in which the coarctation was below the level of the renal arteries. In 
one of these, studied and explored at this hospital, the renal blood flow and 
the glomerular filtration rate were normal, but the vascular resistance in the 
leg was increased.^® 

Several findings in this report cast doubt on the theory that the hyperten- 
sion in coarctation is the result of an increase in the peripheral resistance 
mediated through renal mechanisms. Estimated values for the overall arterial 
resistance exclusive of the coarctation and the collaterals are below normal. 
Furthermore, the existing peripheral resistance is unequally distributed. Since 
the resistance in the extremities is not lowered, other parts of the vascular 
bed must accommodate an increased blood flow. Investigations are in progress 
to determine the site of lowered vascular resistance. Finally, the increase in 
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the height of the diastolic pressure observed in both the upper and lower 
extremities, which has been used as evidence for increased arteriolar tone, 
can be readily explained as a result of damping of the pulse wave by the 
coarctation and the arterial collaterals. 

SUMMARY 

Twenty-three patients with coarctation of the thoracic aorta have been 
operated upon.* Thirteen of the patients were 20 years of age or above, while 
ten were younger. An anastomosis was completed in 21 cases of the 22 in 
which it was attempted. In 17 cases the stenosis was resected and an anasto- 
mosis of the proximal and distal ends of the aorta was performed. In four 
cases in which the proximal segment of the aorta was too short for end-to-end 
suture, the left subclavian artery was used to by-pass the stenosis. There were 
three deaths in the series, including one in a child who had multiple congenital 
defects which had been recognized preoperatively. 

Physiologic investigations disclosed no significant deviation of the cardiac 
output from normal. Blood flows through the arm, which were elevated 
before operation, fell following surger}^ The blood flow through the leg rose 
postoperatively. Hypertension in the upper part of the body and hypotension 
the legs was observed preoperatively. After operation, these pressures tended 
to equalize. Analysis of the physiologic data indicated no generalized elevation 
of peripheral vascular' resistance. It is probable, therefore, that the hyperten- 
sion in coarctation of the aorta is not attributable to a renal pressor mechan- 
ism, but is due to the resistance of the stenosis and collaterals. 
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Discussion. — Dr. Clarence Crawford, Stockholm, Sweden: First of all I should 
like to express my gratitude for the opportunity of being present at this meeting and 
taking part in this discussion, which I feel is a great honor. From the excellent results 
we have just heard from Dr. Blalock and his co-workers, and from my own experience, 

I think we may state that radical treatment of coarctation of the aorta can no longer 
be considered as a surgical equilibristic procedure; I think it can be said that it is a 
sound surgical procedure. The results I have had support the conclusions which can 
be drawn from Dr. Blalock’s presentation. 

We have now operated on 32 cases of coarctation ; 31 of those were resected and 
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in one case we did a “Blalock operation” with anastomosis, end-to-side, between the 
subclavian artery and the aorta below the coarctation. In this series of 32 cases we 
had two postoperative deaths, one due to acute bleeding on the afternoon of the day 
of operation, the other due to formation of a dissecting aneurysm which broke into 
the bronchial tree, for the patient died a month after operation because of massive 
hemoptysis. 

In addition to the 32 cases operated upon, we have explored five cases intending 
to -try radical operation, but conditions were such that an anastomosing operation was 
not possible. These cases were in the older age group, between 25 and 35 years of 
age. In all, arteriosclerotic changes of the walls of the arteries were present, which 
made surgical intervention on the vessels impossible. In that group of five cases, 
which were explored and sutured again, we had two deaths shortly after operation. 
Because of that I would like to point out the value of a method of investigation that 
we have developed recently in the attempt to make as accurate an anatomic diagnosis 
of the lesion as possible before operation. We have introduced an ordinary cardiac 
catheter through the radial artery, pushing it forward down into the aortic arch. 
With the rapid injection of 50 to 70 cc. diodrast we can get an excellent x-ray picture 
of the first part of the aorta and the coarctation. I hope that, as we become more 
familiar with this method of investigation, we may be able to exclude most of the 
unsuitable cases from exploratory thoracotomy and select in advance those on which 
we may hope to achieve a good result. 

(slides) In this picture you can see the catheter passed down into the arch of the 
aorta to the level of the aortic ostium. The curved outlines of the aortic valves are 
shown, and also a fairly good picture of the coronary arteries. We hope in the 
future to be able to carry out studies on the coronary arteries by this means. In 
the cases on which this procedure has been carried out, we have had no reaction 
which would contraindicate continuance of the method. 

The second slide shows a case which was rather difficult to interpret. It was one 
of the first upon which this investigation was done, and we did not know how to 
interpret the different shadows. We therefore explored to confirm our x-ray findings, 
and in this drawing is shown what was found. There were multiple aneurysms on 
the aortic arch which made radical procedure of any sort impossible. 

We have been able to follow 27 of the 32 cases for a period ranging between 
three months and three and a half years. Of the remaining five, two died in the 
immediate postoperatNe period, as mentioned, and three have been operated upon 
so recently that it is too early to tell how they will progress! In 13 of the 27 cases 
the blood pressure has returned to normal, with higher pressures in the legs than 
in the ^ arms. ^ In six, the blood pressure is equal in the legs and the arms and, in 
eight, it is still slightly higher in the arms than in the legs. In these eight we have 
not been able, from an anatomic viewpoint, to perform a sufficiently wide anastomosis. 

In three cases of the 30 surviving there has been development of small post- 
operative dissecting aneurysms, demonstrated by direct aortagraphy after operation. 
Two of the three are symptomless; they have not been growing. In one case there 
are signs of increase in the size of the aneurysm, the patient has symptoms and we 
are discussing the possibility of reoperation. 

The principal difference between the technic described by Blalock and Gross and 
the one I use is that both Blalock and Gross use everting sutures. I have felt that one 
should try to resect as much as possible of the constricted area, which is nearly 
always so long that it is difficult to resect enough. Because of that, I have used an 
anatomic suture with coaptation of the different layers of the aortic wall against 
each other, which permits resection of a few millimeters more than if an everting 
suture is used. I also feel that healing will be better and stronger when the different 
anatomic layers of the aorta are in direct contact. I do not know whether Dr. 


821 



BING, HANDELSMAN, CAMPBELL, GRISWOLD AND BLALOCK 

Blalock and Dr. Gross have had postoperative aortagraphs made, or if they have found 
any postoperative symptomless aneurysms. A comparison between our series in that 
respect might give some indication as to whether the anatomic or the everting suture 
is to be preferred. 

The mean blood pressure before operation in my cases has been 180/100 in the 
arms and about 100 mm of mercury systolic in the legs. After operation, the pressure 
in the arms has returned to normal, as mentioned above. 

Dr. Egbert H. Fell, Chicago ; I am sure we all appreciate this most extraordinarr 
discussion by Dr. Crafoord. We all realize the great contribution made by Dr, Blalock 
and the impetus he has given to this new field of surgery. After spending a good 
deal of time in the laboratory and in attempting to operate on these cases, one realizes 
the great problems surmounted by Dr. Blalock, by our two new members. Dr. Gross 
and Dr. Potts, and by Dr. Crafoord, and it is their unselfishness and graciousness 
that has made it possible for those of us who are interested in the subject to carry 
on as we could not have done otherwise. 

The purpose of this discussion is to present two cases to emphasize the fact 
that the most desirable time for operation is in childhood ; first, because it is technically 
much easier and, second, because there are few or no irreversible reactions taking 
place in a child. Following such surgical procedures, these patients with very dark 
futures should be converted into normal or nearly normal individuals. 

(slides) In the Presbyterian Hospital laboratories the technic as described by 
Gross was first carefully carried out in dogs. The success of these experiments en- 
couraged us to attempt the procedure for the benefit of the boys to be described. 
These two children presented themselves in the pediatric cardiac service at Cook 
County Hospital about the same time for study. After Dr. Benjamin M. Gasul 
and his associates had completed their studies, they were transferred to the surgical 
service. The boys, 10 and 13 years of age, were well developed and healthy in ap- 
pearance, but on questioning them and their families the following essential points in 
their histories obtained: Weakness after slight exertion; headaches and tachycardia, 
particularly the older boy ; epistaxis, discomfort and coldness , in legs on exertion ; 
marked limitation of activities. Orthopnea was of great concern to the 13 year old 
and his parents. 

These complaints were associated with hypertension in the head, neck, and 
shoulder girdle with low blood pressure in the rest of the body. No femoral pulse 
or blood pressure was elicited in either boy’s lower extremities. The oscillometer 
readings were negligible; there was 3 to 7 degrees lower temperature of the skin 
of the toes to that of the fingers. X-rays of the chest showed notching of the ribs. 
Angiocardiograms revealed a stenosis at the isthmus of the aorta. 

A successful operation was performed oh the 10-year-old boy. The 13-year-old 
boy was operated on three days later. The procedure was more difficult because of 
his well-developed chest and shoulders and the tremendous collateral circulation in 
the chest wall. 

In the first case the stenosed area was just distal to the junction of the arch 
of the aorta and subclavian artery at the attachment of the ligamentum arteriosum. 
The arch was clamped and the subclavian artery temporarily tied with a Penrose 
drain. The modified Potts’ clamp as used by Dr. Blalock would have aided greatly 
in this case. The distal end of the aorta was clamped with a modified gastrointestinal 
clamp. The end-to-end anastomosis was completed with S-0 silk, using a continuous 
mattress suture. The stenosis in the second case was approximately 2 cm. below the 
left subclavian artery, which was also stenosed in its first inch as it arose from the 
aorta and accounted for the 40 mm. of mercui^ of systolic blood pressure difference 
in the right arm over that of the left arm. The end-to-end anastomosis was 
carried out as suggested by Gross. Both boys have made satisfactory recoveries. 

I should like to ask Dr. Bing if the eyegrounds were studied, and also what 
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kidney function tests other than blood flow were made in these cases. We hope to 
do that in the cases we now have at hand. 

Dr. Norman E. Freeman, San Francisco; Dr. Blalock has just presented a fine 
series of cases and his results have been remarkable. There were two patients in 
his series, I believe, in whom the aortic lesion was found to be inoperable. I should 
like to mention a method for visualization of the aorta which may be of help in 
selection of cases for operation. This technic is quite similar to that so beautifully 
demonstrated by Dr. Crafoord. 

Farinas of Havana, Cuba, described a procedure for catheterization of the ab- 
dominal aorta through the femoral artery. Subsequently, he injected the contrast 
medium in a retrograde fashion directly into the femoral artery. With sufficient 
force, visualization of the abdominal aorta and its branches was obtained. Dr. Earl 
Miller of the Department of Radiolog}' and I became interested in this technic of 
retrograde arteriography and, in November, 1946, had occasion to use it for visualiza- 
tion of the thoracic aorta. The patient was a woman of 26 with hypertension, who 
was admitted on the service of Dr. Howard C. Naffziger for surgical treatment. 
The resident staff noted absent femoral pulsations and, accordingly, the diagnosis of 
coactation of the aorta was made. Dr. Naffziger referred the patient to me for 
operation. There was, however, very little collateral circulation about the upper 
thorax, no notching of the upper ribs by x-ray and no murmurs over the pre- 
cordium or paraspinal region between the scapulae. There were dilated collaterals 
about the lower thorax, umbilicus and flanks and a systolic murmur was audible in 
the region of T ^2 posteriorly and in the epigastrium. Injection of a contrast medium 
in retrograde fashion into the left common carotid artery demonstrated a normal 
thoracic aorta. The exact site of the coarctation was not definitely visualized but 
the x-ray examination proved that the narrowing was not in the usual location. 
Subsequently, Dr. H. Brodie Stephens, Dr. Mary Olney, Dr. Miller and I, with the 
help of the house staff, have developed a simple technic for retrograde arteriography, 
which has now been used in 14 patients in whom the diagnosis of coarctation of 
the aorta was suspected. The results in this series were reported last month before 
the American College of Physicians. 

Under general or local anesthesia the left common carotid artery is freed up for 
a distance of 5 cm through an incision above the left sternoclavicular joint. It is 
surrounded by a segment of rubber tubing. With the patient lying flat on his 
back, preliminary films are taken and then a needle is inserted into the carotid 
artery and directed toward the aorta. This needle is connected by a short segment of 
rubber tubing to a syringe containing 70 per cent diodrast. In children, a No. 18-gauge 
needle is used and 10 to 20 cc. are injected. In adults we have found that a No. 16 
needle is preferable with SO cc. of solution. With the distal carotid temporarily 
occluded by rubber tubing, the solution is injected as rapidly as possible and serial 
x-ray films are taken. After exposure of the films the diodrast remaining in the 
left carotid is aspirated back into the syringe. By means of this technic we have 
obtained visualization of the aorta and its branches. The site of the coarctation 
of the aorta has been established in 11 cases. In three patients it was demonstrated 
t at for various reasons, operative correction was not indicated. 

Dr.^ John C. Jones, Los Angeles: We have operated upon 13 patients for 
coarctation of the aorta and completed some type of anastomosis in all. The end 
o the subclavian was anastomosed to the side of the distal aorta in two patients, 
he coarctation was resected and the end of the subclavian was anastomosed to 
e end of the distal aorta in two instances, and in nine patients the coarctation was 
resected and an end-to-end anastomosis of the aorta completed. The ages of these 
patients ranged from two and one half to 31 years. There were 2 deaths in the 
series. One was a 31-year-old male with a large heart who had been decompensated 
or two years. He had advanced arteriosclerosis and, after we were able to complete 
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a satisfactory anastomosis, the posterior wall of the aorta at the site of the proximal 
clamp developed a leak on removal of the clamp. This was repaired with some 
difficulty, but he died suddenly on the ninth postoperative day of a dissecting 
aneurysm, well proximal to the anastomosis, which was intact at autopsy. The other 
death was a male of 17 years in whom we had no difficulties in resecting and 
completing an end-to-end anastomosis, but he died suddenly four hours after opera- 
tion, presumably of a leak or rupture at the site of anastomosis. 

The seven survivals of the resection with end-to-end anastomosis of the aorta 
have had excellent results, with blood pressures in their legs as high as if not 
higher than in the arms. The two patients in whom the end of the subclavian was 

anastomosed to the end of the distal aorta likewise have been excellent results. The 

two patients in whom the end of the subclavian was anastomosed to the side of the 
distal aorta are improved, but the results might be estimated as only fair. 

We have operated upon three patients of 5 years or younger; one was two 
and one-half years old and his, incidentally, was the easiest operation from a technical 
point of view. He had the smoothest postoperative course and he was able to go 
home on the tenth day after operation. 

Since the collateral circulation is well developed early in life in these indi- 
viduals, the indications are to operate upon them early. We have employed a variety 

of methods in our end-to-end anastomoses of the aorta, but at present prefer the 

use of four everting stay sutures combined with four running over-and-over sutures 
in the four quadrants. 

Dr, H. B. Shumacker, Jr., New Haven, Conn.; Dr. Crafoord’s very interesting 
discussion of the excellent paper by Dr. Blalock and Dr. Bing prompts me to 
describe briefly some experimental observations upon arterial suture which my asso- 
. ciates and I have recently carried out. We have compared the results of end-to-end 
arterial suture performed by various suture technics, principally the everting mattress 
suture which Dr, Blalock has used and the direct anatomic layer-to-layer approxima- 
tion which Dr. Crafoord has employed. Histologically, one gained the impression 
that the direct anatomic repair resulted in nicer repair, but functionally there was 
no doubt that the everting mattress technic was superior. When specimens were 
removed at varying intervals after suture it was evident that complications such 
as stricture, dehiscence, and the formation of small aneurysms at the site of suture 
were much less common when everting mattress sutures had been used. There 
was no significant difference in the incidence of thrombosis with the two methods. 
We were led to the conclusion that the everting mattress technic was preferable. 

We also tested the breaking strength and the ability to withstand intraluminal 
pressure at varying intervals after end-to-end arterial suture. The recently sutured 
vessel will pull apart with little force but rapidly gains in strength, approaching normal 
values in a few weeks. Such repaired arteries withstand without bursting or leaking 
intraluminal pressures far in excess of systolic blood pressure even a few hours after 
repair, and within two weeks they withstand without difficulty pressures as high 
as or higher than do adjacent normal segments of the same artery. 

Dr. R. J. Bing, Baltimore (closing) : Dr. Blalock and I would like to con- 
gratulate Dr. Crafoord on his beautiful work. In addition, we would like to thank 
everyone who has participated in the discussion of our paper. 

We are particularly interested in Dr. Crafoord's method of arterial angiocardio- 
graphy. The method certainly appears to give beautiful pictures of the area of 
coarctation and seems worth while repeating in this country. The problem brought, 
up by Dr. Fell about kidney function and coarctation has been examined at the 
Johns Hopkins Hospital • by Dr. Genest and his co-workers. These investigators 
reached the conclusion that in many cases of coarctation the glomerular filtration 
rate is normal, while the effective renal plasma flow is decreased. These findings 
would indicate constriction at the side of the efferent arterioles. 
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The rationale of establishing an anastomotic shunt between the portal 
and caval systems of veins for the relief of portal hypertension has long 
been appreciated. In the belief that advances had taken place in surgery 
which may have a bearing upon the clinical success of portacaval shunts, 
Dr. Allen Whipple and I undertook a restudy of the problem in 1943. 

This paper will be limited essentially to a discussion of the results in a 
series of 58 cases in which portacaval shunts were established. The operation 
was performed by either Dr. Whipple or myself in 48 of the series of 58 
cases with a loss of 8 cases postoperatively. There were 11 postoperative 
deaths in the entire series. The cause of death in the eleven cases was as 
follows: Cholemia = 3 cases; cerebral damage — 2 cases; cardiac fail- 
ure — 1 case; mesenteric thrombosis = 3 cases; shock from intraperitoneal 
hemorrhage = 1 case ; gaslro-intestinal hemorrhage = 1 case. 

Space does not permit a critical analysis of each of the eleven postopera- 
tive deaths but a short discussion is timely. 

In one of the three cases dying of cholemia, necropsy examination revealed liver 
cell degeneration compatible with an active virus hepatitis. Whereas there were also 
present periportal fibrosis and esophageal varices (the man had hemorrhaged once) ; 
nevertheless it was an error in judgment to have brought him to operation at the time, 
and, for the following reasons: (1) Recent (3)4 mos.) history of virus hepatitis; (2) 
persistence of anorexia, exhaustion, jaundice and ascites; (3) persistence of a four 
plus cephalin flocculation test, reversal of the serum albumin-globulin ratio (albumin 
1-9%, globulin 4.4%) ; and an elevated prothrombin time (50% of normal). We oper- 
ated upon this case early in our experience, but we now know that we should have 
waited until evidences of active hepatitis had disappeared. 

A second case who died of cholemia was that of a 59-year-old man having Laen- 
uec s cirrhosis of the liver complicated by tertiary syphilis. This patient in spite of a 
9 months' trial of a dietary liver regimen, remained in a state of chronic liver decom- 
pensation with wasting ascites. Throughout this period his serum albumin gradually 
fell from 3% to 2.4%. There was no improvement in bromsulphalein excretion-reten- 
tion which remained at 40% one-half hour after injection. Over much of the time 
cephalin flocculation tests were three and four plus, galactose removal constant and 
prothrombin times were 50% of normal. Though the serum phosphatase was, on most 
examinations, slightly elevated, the serum bilirubin remained normal. The decision to 
operate in this case was further influenced by the presence of demonstrable esophageal 
varices. A splenorenal type of portacaval shunt was established in this case. On 
t e third postoperative day he became comatose and on the fourth day he died. 

We now believe that the above described case might have survived the 
portacaval shunt procedure if for several weeks prior to operation, carbo- 
hydrate and protein feedings had been forced to the limit, using if necessary, 
intravenous albumin to help lessen the ascites and edema. Cyclopropane 
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instead of ether anesthesia would, in our opinion, have given him a better 
chance. Though admittedly his liver function studies classify him as a poor 
operative risk, we have two cases who survived portal vein to venacava 
anastomoses who were strikingly similar. Both cases became ascites free 
following operation. One of the patients gained 50 lbs. in weight and con- 
tinues his work as a timber cruiser now 3 years since operation. The other 
case survived a strangulated hernia operation two months following the 
portacaval shunt procedure and carried on ascites free for 1 yi years. At this 
point the patient became somewhat stuperous and the tongue became beefy 
red. One month later, he developed ecchymosis with the appearance of 
bloody ascites and a prolonged prothrombin time. During the third month 
of progressive liver failure, the course was rapidly downhill. There was a 
terminal rise of the blood urea nitrogen to 63 mg.%. 

The third postoperative death assumed to be due to cholemia in the series was 
that of a 47 year old man who first entered the, Presbyterian Hospital in 1940 with 
virus hepatitis. After a two months stay in the hospital the jaundice had cleared and 
the cephalin flocculation test returned to normal. Four years after the hepatitis the 
patient had his first attack of gastro-intestinal hemorrhage. In September 1947, the 
patient was readmitted to the Presbyterian Hospital stating that in January and July 
of that year, he had had episodes of hematemesis. Examination revealed an enlarged 
liver and spleen. The blood picture was that of Banti’s syndrome. The cephalin floc- 
culation and thymol turbidity tests were each three plus. The serum albumin was 4.3% 
and globulin 2.5%, Catheterization of the hepatic vein in this case revealed a 50% re- 
duction in hepatic blood flow, with a high oxygen content but a 90% of normal ex- 
traction of bromsulphalein. These findings indicated the perfusion of considerable 
normal liver tissue with a high component of- arterial (hepatic artery) blood. Roent- 
genograms revealed varices practically throughout the length of the esophagus. 

The patient was considered a good liver risk for a portacaval shunt. On the 14th 
of October, 1947, he was operated upon. The liver was enlarged, irregularly nodular 
, and firm. The gallbladder contained stones and the spleen was greatly enlarged. A 
splenectomy was performed and followed by a splenorenal shunt. Opening the shunt 
lowered the portal pressure from 370 to 270 mm. of water. A cholecystectomy was 
also done. The postoperative course of this patient until his death on the 29th day, 
well illustrates the ultimate seriousness of a cycle of complications in cases with liver 
damage. 

The patient, starting out with the necessity of repeated catheterization and finally 
continuous catheter drainage because of an old urethral stricture, developed urinary 
tract infection. A bilateral pneumonitis followed and upon recovering somewhat from 
this, the patient developed phlebothrombosis of the femoral veins. Heparin therapy 
was instituted for this. Finally, on about the 16th postoperative day, the patient’s tem- 
perature went higher accompanied by diarrhea and abdominal distention. This period 
TOs punctuated by gastro-intestinal bleeding. We considered strongly the diagnosis of 
mesenteric thrombosis at this point, but rather suddenly his abdominal distention and 
diarrhea ceased and his temperature went still higher. Two blood cultures were made 
at 9-day intervals. Salmonella Montivedio bacilli were recovered from each flask. Dur- 
ing the last 10 days of the patient's life, he presented the picture of marked sepsis. The 
white blood count varied from 50,000 to 70,000 with the polymorphonuclears in excess 
of 90%. Some five days before death the patient developed a mild jaundice and two 
days before death, coma supervened. 

We assumed that the above patient died of liver failure but it is of 
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interest that at six and two days before death, the serum albumin was 3 . 2 % 
and 3 % respectively. Unfortunately, no necropsy was obtained in this ex- 
ceedingly interesting and complicated case. 

The two postoperative .deaths of the series in which cerebral pathology 
played a role are worthy of mention. 

One a case of cirrhosis of the liver and lenticular degeneration of the brain (Wil- 
son’s disease). This 29-3'ear-old man, during a year of observation upon an excellent 
liver regimen developed increasing signs of cerebral damage with an increased inci- 
dence of gastrointestinal bleeding. On the above account on September 10, 1947, a 
splenectomy and a splenorenal shunt procedure was carried out. Following operation, 
the temperature rose to 104°F. and was maintained at that level for 3 days. The patient 
became extremelj'^ euphoric and on the fourth postoperative day lapsed into coma. 
From this point until his death, two days later, his coma was punctuated with attacks 
of what appeared to be “sham rage’’. 


Whereas slight jaundice did develop in the above case after the onset of 
coma it seemed unlikely to us that the coma was explained solely on the 
basis of a failing liver. His serum albumin which was 3.5% five days before 
operation fell to 3.4% two daj^s after operation but was 3.6% the .day before 
his death. We have not infrequently noted slight jaundice to develop in 
other cases a few days after operation in which multiple transfusions were 
employed. It seemed more likely to us that the cerebral pathology played a 
primary role in the coma in this case. Unfortunately, no necropsy was 
obtained in this case. At operation the large nodular liver with intervening 
scarring suggested the appearance of a liver following an attack of subacute 
yellow atrophy in which the surviving lobules have undergone hypertrophic 
enlargement. On microscopic examination the liver cells were frequently 
large and bizarre. The intervening scar tissue and liver capsule were infil- 
trated with lymphocytes with an occasional eosinophilic leucocyte. 

The hepato-lenticular syndrome (Wilson’s disease) is poorly understood. 
The course of the disease is usually rapidly downhill, and from what I can 
learn, they are inherently poor operative risks. 


The second cerebral death in the series was that of a 23-year-old woman who 
had multiple arteriovenous shunts between the splenic artery and vein. As evidence 
of portal hypertension, there was a history of repeated hematemesis. At operation 
following removal of the spleen, the portal pressure fell but did „not return to a 
normal figure. Accordingly, a splenorenal shunt was done because it was thought 
that some inaccessable arteriovenous shunts remained.' The operation was carried out 
under cyclopropane and with minimal blood loss. The blood pressure was at no time 
elow 100 Systolic during the procedure and the patient was well oxygenated during 
e period. The first indication of a cerebral accident in this case was failure of the 
wake up promptly and become responsive following cessation of the anes- 
_ esia. Although, a few hours later the patient could be aroused and answered ques- 
■ there were unmistakable neurologic findings of a cerebral accident. Her condi- 

tion rapidly became worse and death occurred on the second postoperative day. 

. complete autopsy revealed the anterior and middle cerebral arteries on the 
“g t to be filled with blood clot with extension of the clot into the right carotid artery, 
are ul search revealed no source of embolus. There were no septal defects in the 
eart. The splenorenal anastomosis was free of clot. 
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The mechanism by which blood dot became deposited in this young 
woman’s cerebral arteries remains unexplained. She was given the usual 
dose of heparin when the portacaval shunt was opened and had a satisfactory 
rise in the blood clotting time. The heparin was given some thirty minutes 
before the anesthetic was stopped and it seems illogical that a thrombosis 
could take place, after the administration of heparin. If the accident is to be 
explained on the basis of a thrombosis, it must have occurred earlier in the 
operation. 

Cardiac failure was the cause of death in one case. 

A 64-year-old widow entered the Presbyterian Hospital on April 21, 1947, com- 
plaining of generalized weakness for 3 months and pain in the left side for 3 weeks. 
The patient gave no history of hepatitis. She rarely took alcoholic drinks. There 
was no history of hemorrhage, ascites or jaundice. On examination the blood 
pressure was 160/80. Roentgenogram showed an enlarged , heart with a silhouette 
suggesting right and left chamber enlargement accompanied by left ventricular hyper- 
trophy. On the other hand, the patient gave a negative cardiac history and the 
only heart finding on physical examination was a soft systolic blow at the apex. 
The prominent findings were an enlarged firm liver and a considerably enlarged 
spleen with a severe anemia of the hpyochromic type. The blood platelet and white 
cell count was markedly reduced. 

Examination of the bone marrow was negative except for a slight increase in 
normoblasts. The prothrombin time was 18 seconds (normal 14 + 1 second). 

The liver chemistry was as follows: Serum bilirubin faint trace; cephalin 
flocculation 3 + ++ ; serum phosphatase 7.1 Bodansky units ; total protein 7.3% ; al- 
bumin 3.9% ; globulin 3.4%. The bromsulphalein liver function test revealed 90% 
retention 5 minutes after injection and 30% retention after one-half hour. 

The electrocardiogram showed left axis deviation with evidence of myocardial 
damage. The gastro-intestinal series of roentgenograms showed diverticula of the 
colon. The intravenous pyelogram was negative. 

On May 9, 1947, the patient was explored and the findings were as follows: 
The liver though enlarged was not nodular nor was the capsule thickened. The 
gall bladder was thick walled and contained calculi. The spleen was firmer than 
normal and approximately four times normal size. 

Portal pressure proved to be 240 mm. of water. On the basis of our figures 
considered as normal, this represents a rise above normal of 130 mm. of water. 
Accordingly, a splenorenal shunt was done following removal of the spleen. 

The patient did exceedingly well postoperatively for the first two days. The 
venous pressure' ranged from 84 to 90 mm. of water. On the morning of the 
third postoperative day the temperature rvas 100.4° F., the blood pressure' and pulse 
were satisfactory but a few coarse rales were heard at the right base and the venous 
pressure had risen to 127 mm. of water. The patient suddenly died in her sleep 
in the early morning of her fourth postoperative day, presumably of cardiac failure. 
No postmortem examination was obtained. 

The above case has been presented in detail for the following reasons: 
(1) Examination of Microscopic sections taken from the spleen and liver 
showed infiltration of moderately immature cells of the myeloid series, as 
well as megakaryocytes. In the spleen the cells were found in foci within 
the germinal centers as \vell as in the pulp. Sections of the liver reveal foci 
of similar cells with a tendency to be found with greater regularity in the 
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portal spaces. The pathologist (Dr. W. Lehman) concludes in the absence 
of evidence of leukemia in the bone marrow examination and blood smears, 
that the diagnosis in this case is myeloid megakaryocytic hepatosplenomegaly. 
(2) Conceding myelofibrosis affecting mainly the portal areas of the liver 
to be an adequate cause of the portal hypertension and possibly the bromsul- 
phalein retention in this case, the question now arises, should this patient 
have had only a splenectomy ? 

Of one thing we are certain. This patient should have been digitalized 
before coming to operation. It is our present policy to digitalize preopera- 
tively all cases age 50 or over whose electrocardiograms show left sided 
ventricular preponderance. We now have several cases in their sixties who 
have gone through portacaval shunt operations successfully. 

In the eleven postoperative deaths of the series of 58 cases, there were 3 
cases who died of mesenteric thrombosis. 


Case 1 . — A 39-year-old woman who first entered the Presbyterian Hospital on 
May 30, 1946, complaining of weakness of five 3 'ears’ duration. On this admission, 
the patient was found to have a marked splenomegalj', secondary anemia, leucopenia 
and thrombocytopenia, A bone marrow examination was normal, revealing no cells 
typical of Gaucher’s disease. The cephalin flocculation test was 4 plus. Serum 
phosphatase 2.5 Bodansky units. Serum bilrubin 1.5 mg. %. Total protein 6.2%. 
Albumin 3.8%. Globulin 2.4%. Bromsulphalein 90% retention S minutes after 
injection and 25% retention 30 minutes after injection. Serum cholesterol total 159 
«ig.%, free 36 mg.%, ester 123 mg.%. 

A diagnosis of Band’s syndrome was made and the patient discharged for fol- 
low-up. 


The patient was readmitted to the Presbyterian Hospital on September 7, 1947, 
unimproved. The liver chemistry studies were essentially the same as on the first 
admission, except that there had been a rise in the serum bilirubin to 2.2 mg.%. The 
secondary anemia and thrombocytopenia persisted. There had been no episodes of 
gastro-intestinal hemorrhage or ascites. Roentgenograms were negative for esopha- 
geal varices. 

On September 25, 1947, the patient was explored. The liver was found to be 
the site of a diffuse uniform nodular cirrhosis. The spleen was enlarged about five 
times normal size. The portal pressure was found to be 400 mm. of water. A 
splenectomy was done and followed by a splenorenal type of portacaval shunt, end 
to side by suture. The liver biopsy confirmed the diagnosis of cirrhosis. 

The patient ran a temperature to 101 °F. daily during 17 days postoperatively. 
The platelet count gradually rose to normal over this period. Aside from slight 
ascites which quickly disappeared, there were no other important findings. After 
a 10-day period of essentially normal temperature, the patient began to have diarrhea 
and her temperature rose to 102° F. daily. The patient complained of low backache 
and lower abdominal tenderness. Examination revealed a flat abdomen with no 
marked tenderness. On pelvic examination on the left side, extending laterally to 
e left and posterior to the vagina, was a tender sausage-shaped mass. On rectal 
examination the mass was posterior and to the left of the rectum. 

The patient’s fever continued. The white blood count rose to 23,000 with 91% 
po ymorphonuclears. A culture of the urine was negative. A stool culture yielded 
a monella Tennessee. Her temperature failed to respond to sulfadiazine, penicillin 
or streptomjfcin. The abdomen remained essentiallj' soft following the onset of the 
rr ea on the 27th postoperative day until the 43rd postoperative day when abdom- 
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inal distension rather suddenly became extreme. During the last few days of life, 
the patient became comatose and died on the 45th postoperative day. 

The postmortem examination was of extreme interest in this case. The 
mass noted on pelvic examination on the 30 th postoperative day proved to 
be a thrombosed hemorrhoidal vein. Gram negative rods were present in the 
thrombus which is of interest in that during the period of diarrhea bacillus, 
Salmonella Tennessee was recovered on stool culture. At necropsy examina- 
tion the thrombus was found to have extended to include the inferior 
mesenteric, superior mesenteric and portal veins including of course the 
splenorenal anastomosis. 

Case 2. — The second case of death from mesenteric thrombosis postoperatively 
is that of a 36-year-oId man who was admitted to the Presbyterian Hospital on Sep- 
tember 16, 1946. He presented the history of attacks of abdom.inal cramps followed 
by bloody diarrhea on two occasions, the first attack 10 years previously. Five 
months prior to admission there were two episodes of hematemesis. The physical 
examination finding of note was the presence of an enlarged spleen. 

Laboratory studies were as follows: Barium enema roentgen rays were normal. 
Roentgenogram of the esophagus following a barium swallow showed varices. Stool 
cultures revealed no enteric pathogenic organisms, no ova or protozoa were found 
in the stools. Cephalin flocculation tests were 3 plus and one later 1 plus. Serum 
albumin was 3.9%; globulin 3.1%. Serum phosphatase 2.2 Bodansky units %. 
The prothrombin time was normal. The galactose tolerance test (intravenous) 
showed a removal constant of 2. as indicative of liver damage. The blood picture 
was that of Banti's syndrome, namely secondary anemia, leucopenia and thrombo- 
cytopenia. 

The patient was explored on November 14, 1946. The liver appeared grossly 
normal but the spleen was approximately five times normal size. The portal pressure 
measured 340 mm. of water. 

A splenectomy was done, followed by a nephrectomy and an end-to-end anas- 
tomosis of the splenic vein with the renal vein by the non-suture vitallium tube 
method. 

Microscopic sections of the spleen revealed the usual picture of congestive 
splenomegaly. The sections of the liver biopsy revealed areas of slight liver cell de- 
generation, much pigment but no evidence of specific liver disease. 

Following operation, the patient developed pneumonitis complicated by abdom- 
inal distension necessitating the passage of a Miller-Abbott tube on the second post- 
operative -day. By the fifth postoperative day the distention of the abdomen had 
been relieved and the Miller-Abbott tube withdrawn. On the eighth postoperative 
day the temperature had subsided to normal. The patient had been actively up and 
about when he suddenly developed abdominal cramps ■with a return of the abdominal 
distention. Two days prior to this anticoagulant therapy (heparin) had been stopped. 
On the eleventh postoperative day abdominal cramps and distention had become 
markedly worse with the appearance of ascites. The temperature and pulse rate 
began to rise and on the thirteenth postoperative day the white blood count was 
found to be 37,000 with 90% polymorphonudears. The platelet count had risen to 
192,000. 

A paracentesis was done on the thirteenth postoperative day. 2600 cc. of faintly 
turbid yellow fluid -was removed. Whereas a culture of the fluid was reported 
negative, no examination of the fluid was made for the presence of red blood 
cells. Following paracentesis though, the abdomen remained greatly distended, and a 
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sausage-sliapcd mass could be felt in tbe right lower quadrant which was thought 
to be a distended loop of ileum. 

On the fourteenth and fifteenth postoperative days, the patient was obviously 
worse and vomiting had set in. The white blood count was 39,000 with 92% poly- 
morphonuclear cells. The pulse rale had mounted to 130 per minute and the tem- 
perature fell predpitantly to below normal. On the sixteenth postoperative day the 
abdomen was explored. All of the jejunum except for the proximal 3 feet and all 
of the ileum except for the distal 4 inches were dark purple with thrombosed ves- 
sels in the mesentery throughout the affected area. The insidious onset led the 
operator to believe that thrombosis of the mesenteric veins preceded that of the 
arteries. A jejuno-ileostomy was performed following resection of the non-viable 
bowl. The patient was well supported by transfusions and he stood the operation 
well. 

The patient was given penicillin and streptomycin following the bowel resection 
and for a few days seemed better. However his temperature began to rise from 
normal on the third postoperative day and in spite of the presence of a Miller-Abbott 
tube, dilated loops of bowel was shown by Roengen ray. The patient’s blood urea 
rose progressively and on the sixth post-resection day be became jaundiced. Acido- 
sis developed. After the administration of 400 mil. equivalents of sodium lactate, 
the patient’s CO: rose from 25 to 35 volumes percent and the plasma sodium rose 
from 110 to 129 M.E. In spite of these attempts to correct the electrolyte imbalance, 
the patient lapsed into coma, the temperature continued upward to 104° F. The pa- 
tient died on the tenth day following intestinal resection and the 26th day following 
the establishment of a splenorenal shunt. 

The important postmortem findings in the above case were as follows: 
Peritonitis, fibrino-purulent, generalized ; abscess, right lower quadrant ; dis- 
solution, anastomosis site of ileo-jejunostomy with leakage of intestinal con- 
tents into the abscess cavity. The liver in the gross and microscopic examina- 
tion was free of cirrhosis. The pancreas on section showed thrombosis of 
the smaller veins. There were areas of fat necrosis in the surrounding 
mesentery and omentum. 

The alimentary tract revealed numerous large varices in the esophagus 
without evidence of ulceration or recent hemorrhage. The stomach was 
distended with edema of the mucosa which was dotted with petechial 
hemorrhages. The duodenum was also distended. The large intestine ap- 
peared nornial. 

The portal venous system was extremely interesting. The lumen of the 
portal vein had been replaced by interlacing white fibrous trabeculae which 
form a number of small canals. Under microscopic examination it was 
noted that these recanalized blood spaces within the portal vein were lined 
in part by endothelium. In addition two large rather recent thrombi were 
undergoing early organization with invasion of fibroblasts and capillaries at 
the site' of attachment to the masses of fibrous tissue. Dark red thrombi 
were seen to extend into the splenic vein and superior mesenteric vein. 

The above pathologic findings present the picture of cavernomatous trans- 
formation in all stages of recanalization including old organizing thrombus 
with extension of recent thrombus retrograde, throughout the portal radicals 
including the splenorenal shunt. What better nidus could there be for the 
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initiation of a postoperative mesenteric thrombosis! It seems logical that 
careful attention to the avoidance of postoperative distention and anticoagu- 
lant therapy properly administered will offer the best chances of preventing 
the formation of new thrombus in such cases in the future. 

The third case of postoperative death due to mesenteric thrombosis was 
that of an obese middle aged woman having cirrhosis of the liver. 

Following the establishment of a splenorenal shunt the operator decided 
to administer heparin hypodermically at six-hour intervals for some six or 
more days postoperatively. Toward the end of this period, the patient’s 
abdomen became progressively more distended, ascites formed, she finally 
became jaundiced and died in cholemia. Necropsy revealed thrombosis of 
the portal vein with all of its branches including the splenorenal anastomosis. 

In my opinion, pure heparin solution administered hypodermically at such 
long intervals as six hours apart may even predispose to the development of 
thrombosis at the site of a recently performed portacaval anastomosis, I base 
this opinion on recent unpublished observations made by Dr. Arthur 
Voorhees while working as a surgical fellow. Dr. Voorhees has done many 
highly accurate blood clotting determinations. He finds that in many people 
following the administration of a single dose of heparin, when the heparin 
effect upon the clotting time wears off, for an hour or more thereafter, the 
blood clotting time goes down to 50 or more per cent below the normal clot- 
ting time for that individual. We have found out that the best way to prevent 
this extremely undesirable effect is to administer heparin either intraven- 
ously in normal saline solution by a carefully controlled drip, or hypo- 
dermically at two-hour intervals. 

The one death from shock due to intraperitoneal hemorrhage was solely 
the result of technical failure. 

The case was that of a 54-year-old Cuban male who for one year had suf- 
fered from ascites due to portal cirrhosis of the liver. 

Varices of the esophagus were demonstrated by roentgen-ray. The total serum 
proteins were 5 % albumin, 3 %, globulin 2%. 

On August 15, 1945, the patient was operated upon. The liver was cirrhotic 
and extremely small. The portal vein was mobilized but upon mobilization of the 
venacava, the right renal vein was found to join the venacava extremely high. Ac- 
cordingly the right kidney was removed and an end-to-end anastomosis established 
between the portal and renal veins employing the non-suture method. The abdomen 
was closed practically before it was discovered that a massive intraperitoneal hemor- 
rhage had occured. On reopening the wound it was found that the hemorrhage 
had resulted from a torn omental vein which for a considerable period had gone 
unobserved. The shock from this additional loss of blood was calamitous for the 
patient and he failed to revive in spite of the quick administration of a large 
amount of blood and plasma. 

The above death from hemorrhage due to faulty hemostasis occurred 
early in our experience. The case taught us much about operating in the 
presence of severe portal hypertension. 

I report the eleventh postoperative death as representing a series of 
tragedies. 
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The case was that of a 47-year-old housewife who entered the Presbyterian 
Hospital with the complaint of three attacks of vomiting of blood during the two 
years prior to admission and swelling of the abdomen of three months duration. 

The patient gave a negative history'^ of exposure to hepatotoxins. Starting in 
1935, the patient had an attack of nausea with loose bowel movements. There was 
no associated abdominal pain, fever, jaundice or vomiting. The identical attack re- 
curred in 1941. Between August and October of that year, the patient had 9 at- 
tacks. In none of them was there anj’^ abdominal pain or jaundice. A cholecystogram 
revealed the presence of gall stones and in October, 1941, the gall bladder was re- 
moved. For a 9-day period following operation, the patient was jaundiced. From 
1941 until the time of her first hematemesis (July, 1946) the patient had been free 
of symptoms. During the attack of hematemesis much blood was lost but there 
were no other prominent symptoms. Three attacks of massive gastro-intestinal 
hemorrhage occurred over the ensuing two years. Ascites and edema of the lower 
extremities appeared following an attack of bleeding 3 months prior to admission. 

Physical examination revealed a pale, somewhat obese woman who presented the 
following pertinent findings; namely, a very large spleen, a large firm liver, and 
some ascites and pitting edema over the sacrum. 

The laboratory findings were as follows: Serum bilirubin negative; serum phos- 
phatase 4.4 Bodansky units %; non-protein nitrogen 17 mg.%; total serum pro- 
teins 6.5% ; albumin 3.9% ; globulin 2.6% ; cephalin flocculation 3 plus ; thymol turbidity 
3 plus. Bromsulphalein 50% retention 5 minutes after injection and 25% 30 min- 
utes after injection. Prothrombin time 17.3 seconds (normal 14 plus or minus 1 
second). A gastro-intestinal series of roentgenograms revealed the presence of 
esophageal varices. The intravenous pyelogram was negative. The red blood count 
was 3,240,000 hgb. 9. Gm. ; WBC 6.450. Platelets 106,000; reticulocytes 2%.' Blood 
clotting time 20 minutes (Lee White method). 


At operation the patient got a bad start, having a persistent nosebleed following 
the introduction of the intratracheal tube. When the skin incision was made, 
emorrhage from minute vessels warned us of a bloody procedure. In view of this 
fact it was thought wise to set up for an arterial transfusion. Accordingly, a 
cannula was introduced into the right radial artery at the wrist and a transfusion 
started. The spleen was removed through a left thoraco-abdominal approach. The 
spleen was adherent to the diaphragm and some six times normal size. The liver 
was large, firm and nodular on the surface. The patient’s extreme tendency to 
eed made the problem of hemostasis terriffic and greatly complicated and pro- 
longed the procedure. 


mally, after removing the spleen and mobilizing the plenic vein stump, we 
exposed the left kidney and encountered another difficulty; namely, subcapsular 
morr age. The kidney was completely mobilized, brought forward and compressed 
h end-to-side splenorenal anastomosis was performed by suture 

^ c nique, but upon returning the kidney to its bed it was noted that subcapsular 
of”th'°'^ spread to the point of necessitating a nephrectomy. The stump 

^ renal vein distal to the anastomosis site was repaired following nephrectomy, 
of table in remarkably good condition having received 5000 cc. 

q£ arterial transfusion. The case was a supreme test for this method 

jrimistering blood and the blood pressure was maintained magnifi'cently through- 
out the procedure. 


t this point, I want to call attention to a serious complication of arterial 
t^s usion that was evident in this case at the conclusion of the operation ; 
ame y, ischemia of the fingers of the hand. As the result of the use of a 
g ass cannula in the right radial artery at the w'^rist, it was necessary to 
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ligate the radial artery at this level. In this particular case there was 
congenital absence of inosculating branches between the ulnar and radial 
arteries, and gangrene of the second, third and fourth fingers and tip of the 
thumb resulted. Tlie necessity for ligation of the radial artery in this case 
could have been prevented by the use of a baby Lindeman needle. 

Aside from the above mentioned complication, the patient’s condition was satis- 
factory for the first 24 hours after operation. It was noted on the second day, 
however, that her respiration and pulse rate rose sharply. The latter were labored 
with marked laryngeal stridor. Laryngoscopy and bronchoscopy revealed blood clot 
between the vocal chords and a large plug completely obstructing the left bronchus. 
Removal of these obstructions gave temporary relief but atelectasis of the left lung 
recurred, the patient again became cyanotic and laryngeal stridor returned. The 
rapid heart rate and rising temperature were ominous. Tracheotomy was done fol- 
lowing which another large plug was removed from the left bronchus. Whereas 
the left lung became aerated, the temperature remained high as well as the respira- 
tory rate. On the fifth postoperative day, the patient’s white blood count was 24,000 ; 
hgb. 8 Gm. ; RBC 3,200,000. The blood pressure had dropped precipitantly from 130 
systolic to 100 and the pulse rate had risen to 140 per minute. Hemorrhage was 
suspected and transfusions started. The patient’s blood pressure was boosted for 
a time with three transfusions but finally, on the sixth postoperative day, she again 
went into shock and died. 

Necropsy examination confirmed the clinical impression of hemorrhage in 
this case. The stomach and intestines were filled with blood. No exact site 
of bleeding from the esophageal varices could be determined. The splenic 
vein up nearly to the site of the splenorenal shunt was the seat of a recent 
(24-hour) thrombus. The actual anastomosis was noted to be free of 
thrombus. There was some fat necrosis of the tissues surrounding the 
pancreas suggesting trauma to the tail of the pancreas at operation. The liver 
was dotted with nodules and on microscopic examination showed the picture 
typical of Laennec’s cirrhosis. 

Many complications might have been avoided in this case if before 
operation she had been properly prepared with transfusions. The last pre- 
operative blood count done the day before operation showed 3,160.000 red 
blood cells and 9.3 Gm. of hemoglobin. In my opinion, the great tendency 
to bleed in this case was more on the basis of her anemia than of throm- 
bocytopenia. It is now our policy not to operate on cases with severe Banti’s 
syndrome until the hemoglobin has been brought up to 14 Gm. and the 
RBC to 4,000,000. 

We accept this case as one of technical failure, though the actual anasto- 
mosis site was not thrombosed. 

The eleven postoperative deaths in the series of 58 cases of portacaval 
shunts have been presented in some detail to illustrate some of the many 
factors involved in the successful handling of this type of case. 

Upon reviewing the cases, one or more serious errors are noted in eight 
of the eleven cases as follows : Of the cholemic group, the case with active 
hepatitis obviously should not have been operated upon. Another case was 
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poorly prepared for operation and should have received cyclopropane anes- 
thesia. It was perhaps an error in judgment to have operated at all on the 
case of cirrhosis with lenticular degeneration (Wilson's disease). Failure to 
digitalize preoperatively the case who died of cardiac failure was certainly a 
serious omission. Two of the three deaths from mesenteric thrombosis in- 
volved factors beyond the operators’ control but in the third case, in my 
opinion, an error in judgment in the way heparin was administered post- 
operatively may have been a contributing factor to the initiation of thrombus 
formation. In tlie two cases of death from shock secondary to hemorrhage, 
certainly errors in judgment and technical failure were directly responsible. 
I refer to the case dying of massive gastro-intestinal hemorrhage and the 
case dying of intraperitoneal hemorrhage. 

The obligations of surgeons who would undertake a series of portacaval 
shunts are twofold: (1) To accomplish the operation with a reasonable 
expectancy of survival of the patient. (2) To employ a surgical technic 
and routine of postoperative handling that will insure a high percentage of 
maintained patency of the portacaval anastomoses. 

The follow-up histories in our series are dotted with what must be 
accepted as failures in the sense of the total prevention of the recurrence of 
hemorrhage. 

Of 35 cases who gave a history of severe attacks of gastro-intestinal 
bleeding before the establishment of portacaval shunts, 11 have had one or 
more attacks of hemorrhage following discharge from the hospital. The 
follow-up time ranges from a few months to three or more years. 

Analysis of these 11 cases reveals that five of the cases had previously 
had splenectomies. Four of the five cases had extrahepatic portal block 
making it unfeasible, as we have routinely found by experience, to employ 
the portal vein in establishing a portacaval shunt. The types of portacaval 
shunts established in these four postsplenectomy bleeders were as follows : 
stump of splenic vein, end to side, with the venacava equals one case; 
proximal end of inferior mesenteric vein with the venacava, end to side 
equals one case; superior mesenteric vein to venacava, side to side, equals 
one case ; superior mesenteric vein, distal end to side of the venacava, equals 
one case. 

In the one post splenectomy bleeder in which the cause of the portal 
hypertension was due to cirrhosis of the liver, the distal end of the portal 
vein was bridged to the venacava, end to side, employing a vein graft-lined 
Vitallium tube. 

In patients with extrahepatic portal block who have had their spleens 
removed at previous operations the surgeon is usually limited, as in the 
above cases, to the choice of employing either the proximal stump of the 
inferior mesenteric vein or the superior mesenteric vein. The former vein 
IS often so small that even if the anastomosis remains patent, the shunt does 
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not handle enough blood to furnish absolute protection against he recurrence 
of attacks of hemorrhage. 

Because of the many bi'anches and other anatomic disadvantages it is 
exceedingly difficult technically to accomplish a side to side anastomosis of 
the superior mesenteric vein with the venacava. In my opinion it was an 
error in judgment on the part of the surgeon to have anastomosed the distal 
end of the superior mesenteric vein to the venacava as previously cited. 
It is not reasonable to assume that there are sufficient anastomotic branches 
below the point of section of the superior mesenteric vein connecting with 
branches proximal to the point of section appreciably to lower the pressure 
in the coronary vein. Branches of the latter vein inosculate with branches 
of the esophageal vein and it is the pressure in this vein with which we are 
primarily concerned in the prevention of hemorrhage from esophageal 
varices. In this connection it is interesting that tire case in which an end-to- 
side anastomosis of the superior mesenteric vein to the venacava was em- 
ployed, an attack of hematemesis promptly followed discharge of the patient 
from the hospital. 

Further analysis of the eleven cases whose follow-up history has been 
complicated by the recurrence of gastro-intestinal hemorrhage is of interest. 
The splenorenal anastomosis was destroyed b}"- the development of a low- 
grade infection in one case — the subdiaphragmatic collection of pus on the 
left was drained some months later. One case was readmitted to the 
hospital with gastro-intestinal bleeding shortly (2 months) after the estab- 
lishment of a splenorenal shunt by suture. The patient was in extremis upon 
her second admission and failed to respond to blood transfusions. Necropsy 
revealed evidence of bleeding throughout the gastro-intestinal tract. The 
splenorenal anastomosis was patent. The liver was enlarged and nodular. 
The common duct was completely filled with small calcium bilirubinate 
stones. Microscopic sections of the liver revealed the presence of extensive 
biliary and portal cirrhosis, esophageal varices were present. The true cause 
of this patient’s unremitting, painless, jaundice of some five years duration 
was not established before or at the time of the splenorenal anastomosis and, 
to make matters worse, she received no hykinone injections following dis- 
charge from the hospital. One can only say in retrospect, that if the common 
duct obstruction had been relieved first, the patient might now be alive. 
There is little doubt that portal hypertension was a contributory factor in 
this patient’s attacks of hematemesis over the years prior to admission to the 
hospital, the portal pressure readings were found to be high. The case 
stresses the importance of first carefulty ruling out obstructive (surgical) 
jaundice and the necessity of Vitamin K administration in such cases. 

The nonsuture method, employing vitallium tubes, was used in six of the 
11 cases. The anastomoses have been proved to be closed in two. In five 
cases tlie suture technic was employed and in one, a two-year-old child, the 
anastomosis is proven closed. The above trend in favor of suture anastomosis 
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fortunately occurred early in our series. As a result, in the large majority 
of the series of 58 cases operated upon the suture method has been em- 
ployed. 

Early in our experience we became fully cognizant of the many pitfalls 
in this procedure of establishing portacaval shunts both as to survival of the 
patient and the successful maintenance of patency of the shunts. For the 
above reason we have been exceedingly careful in dictating our operative 
notes in regards to the condition of the veins anastomosed, errors in blood 
vessel technic etc., — factors that could possibly influence the continued 
patency of the anastomoses. In the 11 cases that have given a follow-up 
history of bleeding it is not surprising, therefore, to find, upon reviewing 
the operative notes, how frequently technical errors of omission or com- 
mission were made. For example, in one case who has had one episode of 
bleeding during the year following operation, I find in the operative notes 
that there was a palpable thrill upon opening the anastomosis due to slight 
twisting of the splenic vein. Though attempts were made to fix and hold the 
vein in an untwisted position by the placement of fine silk sutures, neverthe- 
less the thrill did not entirely disappear. 

Assuming that one could routinely accomplish the perfect suture anasto- 
mosis, there yet remain factors which can influence the outcome in regards 
to sustained patency of the anastomoses. Granted that one can prevent or 
control postoperative distension or, with anticoagulant therapy, control blood 
clotting over the three or four day period of endothelialization of the suture 
line, there yet remains the factor of the normality of the veins anastomosed. 
The latter we consider one important factor that should influence the opera- 
tor’s decision as to the type of portacaval shunt to employ. 

In our series of 58 cases there were 16 cases in which the portal hyper- 
tension was secondary to extrahepatic, portal block. In such cases our expe- 
rience so far, because of the high incidence of involvement of the portal vein, 
has led us to depend primarily upon the splenic vein for the establishment of 
a portacaval shunt. 

In 42 of the 58 cases the cause of the portal hypertension was intrahepatic. 
In such cases the portal vein to venacava type of portacaval shunt can usually 
be employed. As to the question of which type of portacaval shunt : — the 
splenic vein to renal vein, or the portal vein to venacava anastomosis, has the 
highest likelihood of remaining permanently open, in my opinion the odds 
favor the latter. In the first place the portal vein, due to its thicker wall, will 
withstand years of portal hypertension without undergoing any appreciable 
degenerative changes that may effect the success of an anastomosis. Such is 
not the case with the inherently thin-walled splenic vein. The latter is often 
found to be greatly dilated with sacculated areas in which the wall is thinned 
out. Areas of sclerosis with intimal plaques are encountered and, in some 
instances, areas of reduplication of the intima. 
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In the splenic vein many pancreatic branches are encountered which, 
when ligated and cut, become promptly filled with clot. This clot in itself 
contributes a nidus, which, under certain postoperative conditions, may serve 
to initiate thrombus formation. The portal vein, however, near the site for 
the anastomosis, is essentially free of tributaries. In an end-to-side anasto- 
mosis with the venacava, for example, usually one, and never more than two 
tributary ligations are necessary. And, in case a side-to-side anastomosis is 
done, with the use of a special clamp, it is possible to complete the operation 
without ligating a tributary of the portal vein. 

Last but not least in importance, is the anatomic setting in relation to the 
choice between the splenorenal and the portal to venacava types of portacaval 
shunt. In the first place, unlike thick-walled arteries, which carry blood 
under high pressure, the portal radicals are thin walled and are subjected to 
changes in intra-abdominal pressure following the establishment of porta- 
caval shunts far in excess of the intravascular pressure. For the same rea- 
sons, the portal vein is thicker than the splenic vein and its anatomic 
relations are not such as to make it as subject to compression by contiguous 
organs or tissues as occurs upon completion of the splenorenal shunt. The 
tail of tlie pancreas, for example, will so frequently flop over and obscure 
the anastomosis upon repositioning the kidney at the ver}'^ time one is most 
interested in getting a final glance at the splenic vein and the anastomosis. 
The colon, in turn, is nearby, ready, with the slightest over-distension, to 
compress the tail of the pancreas against the anastomosed splenic vein lying 
directly beneath it. If one resects the tail of the pancreas, the mass sutures 
required to effect hemostasis inevitably leaves behind more devitalized tissue 
which, in turn, results in the formation of scar tissue adjacent to the splenic 
vein. Late contraction of this scar tissue introduce the hazard of constrict- 
ing the splenic vein. 

Finally, in the end-to-side anastomosis of the splenic vein to the renal 
vein, one is somewhat concerned by secondary contracture of scar tissue 
about the splenic vein in its retroperitoneal course to reach the renal vein. 

How frequently fat necrosis occurs following trauma to or resection of 
the tail of the pancreas, I am not prepared to state. The pathologist reported 
the finding in one postoperative death — the case who died of gastro-intestinal 
hemorrhage. 

By comparison, the portal to venacava type of portacaval shunt is singu- 
larly free from most of the aforementioned hazards. Though appreciating 
long ago the likelihood that the portal to venacava .anastomosis has the best 
chance for permanent patency, we have proceeded with' caution in its use. 

In the series of 58 cases we have employed the venacava to portal vein 
anastomosis nine times, with one postoperative death. We now have a follow- 
up of three years in three cases and nearly three years in a fourth. In these 
long follow-ups on these four cases we have noted no essential differences 
in the behavior of their cirrhotic livers, either clinically or chemically, from 
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that of comparative cases upon whom we have employed the splenorenal 
shunt. One of the cases developed diabetes and attacks of dizziness some 
two years following operation. The dizzy attacks have occasionally been 
accompanied by momentary loss of consciousness. Thorough neurologic 
examinations have failed to explain the attacks except that there is evidence 
of cerebral arteriosclerosis. 

If one plans to do a portal vein to venacava type of portacaval shunt, a 
thoracic approach through the right diaphragm has certain advantages. For 
some two years this approach for complicated surgical problems of the liver 
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and bile ducts has been employed in our clinic with considerable satisfac- 
tion by Drs. Humphries and Heeney. 

The primary advantage of the thoracoabdominal approach, with the 
patient lying on the left side, is a distinctly lateral approach to the hepato- 
duodenal ligament. With this side approach, the peritoneum can be incised 
directly over the portal vein and the latter dissected free without isolating 
the common duct (see Fig. 1). The pertoneal incision may be extended to 
curve laterally around the duodenum for a short distance to permit slight 
medial mobilization of the latter. The venacava is approached through an 
incision of the peritoneum directly over it anteriorly. Viewed from the 
lateral position after incision of the peritoneum, one is impressed with how 
much the venacava bulges forward — sufficiently, in fact, to touch the portal 
vein which, when it is freed, bulges backward somewhat to meet the vena- 
cava. 

After employing the thoracoabdominal approach for the end to side anas- 
tomosis of the portal vein with the venacava and observing that the two 
vessels, after mobilization, touched one another, I have recently done one case 
anastomosing the portal vein side-to-side with the venacava. The designing 
of clamps that now permit one to do side-to-side suture anastornoses of the 
portal vein to the venacava on humans without the necessity of closing off 
entirely the flow of blood through the venacava, at long last makes the true 
Eck fistual procedure clinically practical. Figure 1 illustrates the completed 
side to side anastomosis of the portal vein with the venacava (see legend). 
Note that due to the fact that the portal vein does not run quite parallel to 
the venacava the incision has been made transversely in the portal vein for 
slightly more than half its diameter, whereas the incision in the venacava is 
more obliquely placed. 

It is of interest that opening of the portacaval shunt in this case resulted 
in a drop in portal pressure to 330 m.m. of water from a previous level of 
590 m.m. of water. This large drop in portal pressure represents an addi- 
tional advantage of the larger portal vein to venacava shunt over the usually 
smaller splenorenal type of portacaval shunt. 

The side-to-side portal vein to venacava anastomosis would seem to offer 
two possible theoretical advantages over the end-to-side variety, namely •' 
(1) It permits portal blood flow through the liver ‘should ever the pressure 
relations become conducive to flow ; (2) A lessened tendency to thrombosis 
of the portal vein towards and into the liver. Fear of this more than an)^ 
other single factor deterred us from using the end to side portal vein to 
venacava type of portacaval shunt more frequently. This fear was not un- 
founded, because the one postoperative death in the eight cases in which end 
to side anastomosis was done did have thrombus extension from the ligated 
portal vein. However, careful study of this thrombus suggested that it 
occurred while the patient was in extremis a few hours before death. 
This was the case of cirrhosis of the li^'er previously reported as dying of 
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liver failure secondary to virus hepatitis of recent origin in which evidence 
of active liver cell damage was still prevalent throughout the liver. 

SUMMARY 

In a series of 58 cases of portacaval shunt, eleven postoperative deaths 
are reported and discussed in some detail. 

There were eleven cases in the series who have had one or more attacks 
of gastrointestinal bleeding following discharge from the hospital. 

In 16 of the 58 cases the portal hypertension was considered to be sec- 
ondary to obstruction in the portal bed outside of the liver. In 42 of the 
cases the cause of the portal hypertension was intrahepatic. 

The different types of portacaval shunts are discussed and a technic is 
presented for doing side to side (Eck fistula) anastomosis of the portal vein 
with the venacava. 
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Dr. Allen O. Whipple, New York: I cannot help but comment on several 
points. This is a veno-venous anastomosis and is quite a different problem in technic 
and repair from an arterial anastomosis or an arteriovenous anastomosis. The second 
point is that the blood pressure, fortunately or unfortunately, drops rather rapidly 
after anastomosis, which prevents high pressure flow to low over the suture line as one 
sees it in arteriovenous anastomosis. The third point is the observation made in one 
case which showed amazing regeneration of the liver following the shunt procedure. 
This young man was an alcoholic. He developed severe hemorrhage and a diagnosis 
of cirrhosis had been made before he came to us. It was a question whether he should 
be operated on. He had a high bromsulfathein retention and a 4+ Hangar test. We 
attempted the shunt and it was successful. Three or four months later he had an 
Upper abdominal episode and was taken to St. Luke’s Hospital and operated on for a 
Perforated duodenal ulcer, and Dr. Adee made some interesting observations on the 
h\er. At the time we operated he had had a marked cirrhotic liver. Dr. Adee found 
that he had large and small areas of regenerated liver tissue, such as is seen following 
subacute yellow atrophy. A month or two after that, while convalescing, he went 
down to Georgia, contracted a hepatitis with mild jaundice and yet survived that. 

Dr. Dudley Ross, Montreal : I would like to commend Dr. Blakemore’s figures 
on portocaval shunts, but was a little disappointed in his remarks with reference 
to the splenorenal shunt. At the Children’s Memorial Hospital in Montreal we have 
been particularly interested in knowing whether splenorenal shunts were functioning 
or not, and for that reason I would like to present to you a suggested procedure 
for determining the patency of splenorenal shunts. 

(slides) This slide shows a catheter introduced into the right median basilic 
vein, passed down the superior vena cava through the right side of the heart down 
to the inferior vena cava lying in the left renal vein. This is a patient who had 
been operated on one month previously for Banti’s syndrome. The spleen, which 
was four or five times normal size, was removed. The pressure of the portal system 
at operation was found to be 250 mm. of water and the flow from the severed 
splenic vein appeared to be under pressure that was excessive. Careful search of 
tie splenic vein was made for obstruction at the same time, but none found. The 
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anastomosis, end-to-side, was carried out and one month later the following test 
was done. Fasting sugar determinations were made from venous blood at various 
sites. As you see by the slide, the hepatic vein was 85.S mg. per cent; the left 
renal vein was 69 mg. per cent; the inferior vena cava below the junction of the 
left renal vein was 72 mg. per cent. Then 100 mg. of glucose were introduced by 
means of the jejunal tube you saw in place in the previous slide, and ten minutes 
later further readings were taken from the left renal vein, which was found to 
be 166 mg. per cent and peripheral venous blood 150 mg. per cent. The catheter 
was left in situ. Ten minutes later another specimen showed 170 mg., in the left 
renal vein, 158 in the vena cava, and 164 in the peripheral venous blood. 

There is no great difference in the fasting state between the vena cava and 
renal sugar levels, though the renal level is slightly lower. The hepatic vein blood 
sugar was considerably higher, presumably due to release of sugar from the liver. 
Following absorption of glucose from the duodenum we find a consistently higher 
sugar content in the left renal vein than in the vena cava or peripheral vein. We 
feel that this signifies the functioning of the anastomosis. It is impossible to tell, 
of course, how much of the portal load is being carried by the shunt, since the 
portal blood sugar level is not known. The figures, as I have said, indicate that 
in all probability the shunt is functioning. This child had visible varicies. We saw 
these varices by x-ray before operation, and they had subsided to a considerable 
extent, so far as x-ray showed. 

This work was -carried out by Drs. C. A. Allard, Eleanor Harpur and A. L. 
Johnson. 

Dr. Arthur H. Blakemore, New York (closing) : I want to thank Dr. Whipple 
and Dr. Ross for their discussions. I do not want to give the impression that we felt 
too blue about the splenorenal shunt. We sincerely feel that in many cases the 
shunts are still open. We have, by clinical comparison, a good deal of evidence 
that points that way. I am glad to see Dr. Ross’s efforts, which look very en- 
couraging, to determine whether or not the shunts are open. That is certainly very 
welcome. We are now undertaking some work in the same direction, passing a 
catheter down the vena cava and a tube in the intestine, in which we plan to put 
some radioactive iodine in the tube and pick up specimens of blood at different 
levels from the vena cava. 
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The high incidence of defects in cardiac septa in 350 congenital hearts 
examined, about 50% being diagnosed as patent inverventricular or inter- 
auricular septa, stimulated my interest in the subject. 

Only those defects in the septum which appear to be single lesions are 
included in this consideration. The perforated septum in tetralogy of Fallot, 
tricuspid atresia or patent ductus arteriosus and so on are not included and 
only those are considered when the septum is thought to be the predominant 
congenital defect and the one causing S3^mptoms. 

It is obvious that a small interventricular or interauricular septal defect, 
in the absence of infection, is of little or no significance. Cases are recorded 
where soldiers have gone through commando training and through the re- 
cent war with known congenital interventricular septal defects with no 
change in size of heart and no ill effects. 

On the other hand, if the septal defect in either auricle or ventricle is 
large, it is possible that it may be the source of symptoms, and may be ac- 
companied by cyanosis. The symptoms and the cyanosis ma}'- depend on 
several factors, but perhaps the size of the opening is one of the most im- 
portant, which opinion is supported by Toussig^ in her recent excellent book 
on Congenital Heart Disease. 

The cases to be considered for operation in my view are those in which 
the heart is not excessively enlarged ; the septal defect is not too large, such 
as occurs with a single ventricle, and before the patient has reached matur- 
ity. On the other hand, they may not be suitable for operation when there 
IS evidence of an enormously enlarged heart with failure, and perhaps a 
single ventricle instead of a medium sized defect in the septum. I found on 
post mortem examination of congenital hearts, when a patient has survived 
to the age of medium childhood or the early twenties, has some cyanosis, 
has a moderate amount of energy, but with a moderately enlarged heart, 
that there has been an opening in the interventricular septum of perhaps 
one to two or more centimeters, in diameter. 

■ In the few cases I have operated on, I was impressed with the high 
pressure in the pulmonary artery. This on measurement with a monometer 
was about equal to that of the pressure in the aorta. Whether that high 
pressure is the result of the septal defect or whether it is accounted for by 
some congenital anomaly in the pulmonary vascular tree, I do not know. 
Neither do I know whether this high pressure is reversible if the hiatus in 
the septum is closed. However, it seemed worth while to attempt to close 
the hiatus, presupposing that this might be the source of the high pulmonary 
artery pressure. I have a suspicion that there is some abnormal physiolog)^ 

Read before the American Surgical Association, Quebec, Canada, Maj’^ 29, 1948. 
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in the pulmonary vascular tree which may not be remedied by closure of the 
septal defect alone. For this reason, the problem did not lend itself well to 
animal experimentation because the septal defects produced artificially in 
animals were not accompanied by long standing pulmonary hypertension. 

Animal experimentation, however, did give us practice in operating on 
the heart. We learned how much the heart could be manipulated and dis- 
placed from its usual position, and its response to stimuli and to transfixion 
with foreign bodies. With practice, we were able to locate the position of 
the septum, from the surface markings on the anterior and posterior sur- 
faces of the heart. Using this information we were able to pass needles and 
probes through the heart anteroposteriorly in the plane of the septum, and 
place ligatures, crossing artificially formed defects, in the interventricular 
and interauricular septa. We could see danger signs and learned to judge 
their significance, and how to relax and rest 'the heart so that its abnormal 
responses to stimuli were soon overcome and the circulation was maintained. 
We were able to proceed with what appeared to be relative safety. 

Then came the problem of appl)dng this principle to congenital septal 
defects in human hearts. 

The problem resolved itself into : 

(1) A consideration of the different reactions which might occur in the 
human heart when compared with an animal heart. 

(2) Secondly, and probably most important, was an anatomic consideration 
of the area involved, to know what to do, what not to do. 

My objective in the interventricular defect was to pass a suture, of con- 
siderable size on cross section, through the heart from front to back so that 
it would pass across the defect in the septum. It was hoped that by slight 
compression of the heart from before backwards, by this suture, the hiatus 
could be diminished somewhat in size. Secondly that the substance of the 
fairly massive living suture would in itself obstruct the hiatus to a degree. 
If one suture could be passed, then perhaps two or more could be passed in 
such a way as to interweave them and give fairly complete occlusion of the 
hiatus. This, accompanied by some local thrombosis, and healing of this 
area might, with good luck, cause sufficient obstruction of the hiatus to im- 
prove the function of the heart and relieve the patient of symptoms. 

ANATOMIC CONSIDERATIONS 

(1) The decending branches of both the right and left coronary arteries 
are described as passing doAVn in the interventricular sulci anteriorly and 
posteriorly. These sulci are described in anatomy books as roughly out- 
lining the anterior and posterior margins of the septum. Also, the trans- 
verse branches of both left and right coronaries run transversely in the 
auriculo-ventricular sulcus and these again, are in the field of operation. 
It was necessary then to go carefull)'- into the anatomy of the heart to know 
more accurately what are the exact surface markings, of the anterior and 
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posterior margins of the septum, and so to know at what point in relation 
to the sulci and coronary arteries the septum can be approached with safety. 

(2) The next anatomic structures in direct relationship to the operative 
field are the valves of the pulmonary artery and aorta anteriorly, and the 
tricuspid and mitral valves with their chordae tendineae more posteriorly. 
At the operation, it is necessar}^ to pass the instrument and suture material 
down between these right and left series of valves so that none of them 
will be interfered with ; so that the cusps are not caught in the suture mate- 
rial ; so that the chordae tendineae and the papillary muscles are not caught 
in the sutures. Any serious interference with these structures would pre- 
cipitate an immediate disastrous effect. 

(3) The next structure to be avoided is the bundle of Hiss, or the con- 
ducting bundle which traverses the interventricular septum to reach the 
papillary muscles and ventricular walls. 

These anatomic points will now be discussed in further detail. 

The left coronary artery coming from the left sinus of Valsalva, courses 
toward the heart over a distance of about five-eighths to three-quarters of an 
inch. Reaching the anterior surface it divides into descending and trans- 
verse branches. The right arises from the right anterior sinus of Valsalva, 
courses distally to reach the posterior aspect of the heart, dividing into the 
right descending and transverse branches. In the books on the subject, 
these descending branches are placed in the anterior and posterior inter- 
ventricular sulci. 

To get more accurate information, Professor Grant and Dr. Mahanti 
dissected 15 hearts to determine the exact relationship of the septum to 
these surface markings. From within the heart, sutures were passed from 
both right and left surfaces of the septum, through the heart muscle, reach- 
ing the surface on both the anterior and posterior aspects. These sutures in 
a sense “staked-out” the margins of the septum as they reached the surface 
on both anterior and posterior surfaces and demonstrated the relationship 
of the attachment of the septum, to the anterior and posterior sulci, as -well 
as to the descending branches of the coronary artery. 

On the posterior surface, the interventricular sulcus corresponded to the 
attachment of the septum in six. The septum was attached to the left of 
the sulcus in nine and to the right in only one. 

The descending vessels, both arteries and veins, were examined in rela- 
tion to the septum. The septum was found to be attached to the left of the 
vessels in eight, over the line of the vessels in five and to the right of the 
vessels in two. 

On the anterior surface, the descending branch appeared to lie more 
closely in relation to the sulcus than it did in the posterior, and the relation- 
ship to the septum was slightly more constant. It was demonstrated that if 
a point was taken to the right of the descending branch in front, and imme- 
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diately distal to the auriculo-ventricular sulcus, this fairly accurately marked 
out the attachment of the septum anteriorly. (Fig. 1) 

If with an opaque medium, a defect in the interventricular septum should 
be demonstrated at a more distal point, such as occurs in the Rogere type, 
then suitable points in this corridor, both anteriorly and posteriorly would 
give a direct approach to the site of the defect. 

Regarding the valve rings in the annulus fibrosis or skeleton of the 
heart, there are many diagrams in Quain’s, Gray's, Cunningham’s, Grant’s 



Fig. 1. Top S— septum, upper end seen from front and. A— coronary artery 
anterior descending branch. Showing relationship of upper end of septum to artery. 

Bottom S— septum A — descending branch right coronary, C S — coronary “sinus. 
Showing relationship of septum to these structures on posterior surface of ventricles. 

Fig. 2. — Diagram of annulus fibrosis with ventricles removed, showing valve seats 
and the relationship of the attachment of the base of the interventricular septum 
between the right and left groups. 

Fig. 3. — ^Diagram of annulus fibrosis and the attachment of the base of interven- 
tricular septum in the presence of a patent septum. 

Fig. 4. — Course of Bundle of Hiss seen from left ventricle. 

Fig. 5. — Same — seen from right ventricle. 
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Atlas, Buchanan’s and in many of the anatomies. To get further details, 
we did many dissections, again with the assistance of Professor Grant, as 
well as in the postmortem room, and Figure 2 represents our impression of 
what we found in relation to this. On looking at the diagram it is rather 
disconcerting to see that the attachment of the base of the septurn to the 
annulus fibrosis, between the pulmonary and aortic valves anteriorly, and 
the tricuspid and mitral valves posteriorly, is curved. However, we have 
found practically, that to follow this line and place a foreign body or suture, 
in this line, is not as difficult as might appear, especially is this so when there 
is a hiatus and consequently the curves are riot present. (Fig. 3.) The 
other problem which arose in placing such a suture was the possible pres- 
ence of a dextraposed aorta. So far picking up the annulus fibrosis be- 
tween the aortic and pulmonary rings in order to seal off completely the 
right margin of the dilated base of the aorta which is seen in Eisenmenger’s 
disease has not been accomplished. However, with a suture well placed, it 
was hoped that it might provide useful occlusion. 

There probably is more of a safety margin between the mitral and tri- 
cuspid valves than might appear on theoretical consideration. The septal 
cusp of the mitral valve when open, does not lie closely against the inter- 
ventricular septum, but the septal cusp of the tricuspid lies more closely to 
the septum during diastole. (Fig. 2.) The attachment of the chordae ten- 
dineae to papillary muscles leaves a moderate space, probably up to half an 
inch, between them, through which there is room to work with little danger. 
We have had little difficulty in passing this area. 

(3) Regarding the bundle of Hiss, there are many excellent dissections 
including those by Professor Grant and Dr. Mahanti, showing the course of 
this bundle. It arises posteriorly in the wall of the right auricle, traverses 
the annulus fibrosis and is directed forward and downward, posterior to, 
then below or, in the margin of, the membranous septum. In some con- 
genital hearts, with a patent septum, the bundle was found to lie in the ex- 
isting muscular portion posterior to the hiatus. At its origin it lies beneath 
the endocardium on the right side of the septum in the position indicated. 
As it passes distally beneath the pars membranacea septi, it divides into right 
and left bundles, the left passing through the substance of the muscular por- 
tion of septum to reach the plane beneath the endocardium on the left side 
of the septum from whence it courses to the musculature and papillary 
muscles of the left ventricle. 

An instrument or suture passed through the heart, as described, neces- 
sarily crosses almost at right angles to the course of this bundle, and it, of 
course, must not be injured. The instrument and suture should pass in the 
direct line of the septum or slightly to its left to avoid the bundle as it lies 
beneath the endocardium on the right surface of the septum. Neither in our 
'experimental work nor in the clinical patients operated upon, has there been 
evidence of ill effects produced b}”^ injury to the bundle of Hiss. Figure 4 
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shows and interventricular septum looked at from the left ventricular sur- 
face and No. V looked at from the right ventricular surface, indicating the 
course of the bundle of Hiss, in relation to the pars membranacea septi and 
the muscular portion of interventricular septum. 

The. interauricular septal defect also presents a challenge, but it is much 
less difficult to meet than is the interventricular defect, chiefly because the 
structures in relation to the field are easier to avoid. 

Usually an interauricular septal defect is a persisting foramen primum 
and not foramen ovale. If giving symptoms or cardiac enlargement the de- 
fect is large. It causes ill effects by allowing left auricular blood which has 
just returned from the lungs to flow into the right auricle from which it 
again goes to the lungs with unsatisfactory completion of circulation. The 
ingenious method described by ' Cohn- of San Francisco has worked very 
well in experimental animals in their hands, and can be applied quite satis- 
factorily to small septal defects between the auricles. However, small septal 
defects probably cause few clinical symptoms, and their method would be 
difficult to apply in larger septal defects and in those in which the septum 
is practically missing. 

In about 30 animals we have passed sutures through in the line of the 
interauricular septum beginning at the site of the transverse sinus behind 
the aorta, and coming out posteriorly between the superior vena cava and 
the right pulmonary veins. With two, three or four sutures through in this 
way, pulled taut, tied together posteriorly and then tied anteriorly, we have 
been able to compress the anterior to the posterior wall of the auricle in 
such a way as completely to occlude the defect. It has the other advantage 
of diminishing the size of the enlarged auricles. On examination of speci- 
mens, the anterior wall of auricles has healed to the posterior wall in such a 
way as to cause complete occlusion of the defect and construction of what 
appears to be another interauricular septum. 

CASE REPORTS 

Case 1. — C. G.; The first patient operated upon was a child of 17 months. 
There was fairly marked cynaosis and moderate clubbing. The child had not 
walked and had so little energy she would sit only when supported. The mother 
described a persistent cough and sputum, which was shown at operation to be 
related to atelectasis of the whole left lung. The heart was greatly enlarged. 
(Fig. 6.) 

Operation. Cyclopropane was supplemented by continuous intravenous of one- 
tenth per cent novocaine solution. Exploration was made through the second left 
intercostal space down the middle of the sterum and out through the sixth space. 
On opening the pericardium one per cent novocaine solution was sprayed over 
the surface of the heart. A suture was passed through the apex of the left ven- 
tricle. Apart from extra systoles, there were no untoward effects. The heart was 
then dislocated forward and examination of the posterior surface carried out with- 
out difficulty. During this, the heart became more blue, and there seemed to 
be some embarassment of its action. However, on allowing it to return to its. 
normal position, it recovered its poise and normal action. The heart was about 
two and one-half to three times normal size. It showed some cyanosis. The right 
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ventricle was enlarged and appeared to be roughly equal to that of the left.^ The 
pulmonary artery was greatly dilated and had high pressure; on palpation it felt 
equal to that of the aorta. The coronary vessels appeared normal. 

A strip of fascia lata about three-quarters of an inch in width and six inches 
in length with a good blob of tensor fascia femoris muscle on the upper end, was 
removed. Through the other end a silk suture was attached. This was threaded 
on a straight sewing needle four inches in length. 

A point was selected on the anterior surface of the heart, above and slightly 
to the right of the descending branch of the left coronary artery, just distal to 
the annulus fibrosis. Here, one per cent novocaine solution was injected, making 


Fig. 6. — Rontgenogram showing size and shape of heart 
in child 17 months of age. 



a bleb beneath the epicardium. With the threaded needle reversed, it was passed 
through the anterior wall of the heart, at the point mentioned. There were some 
extra systoles, but rto other disturbance of the heart action. When the blunt end 
of the needle had passed through the wall of the heart, it felt as if it were in a 
cavity and not in the substance of the septum. On palpation with this needle, as 
with a probe, it was found to be in a fair sized hiatus measuring about 1.5 cm. It 
was passed across the hiatus until an obstruction was met at the posterior surface. 
Then on swinging the heart forward, by traction on the apex, and with the finger 
posteriorly, the end of the needle could be felt, like the end of a probe through 
the heart muscle posteriorly. The right position was then selected and the needle 
passed on through the posterior wall appearing through the epicardium. There 
was no injury to coronary vessels or coronary sinus. By the time this was com- 
pleted, the heart became moderately cyanosed and showed some irregular action. 
However, on allowing it to go back into its normal position, with the needle 
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Still through the heart, the heart regained its regular action and poise. The 
ej’^anosis which had appeared, diminished and the blood pressure remained normal. 
The needle was left in situ, through the heart for several minutes, to see if there 
was any interference with mitral or tricuspid valves, or an}’’ other ill effect. The 
cardiac conduction appeared to be normal. The needle was then drawn through 
posteriorly and with it the silk and living suture. Again this was held lightly 
in position, by slight traction on the posterior end, to observe any ill effects. If 
necessary we could, at any moment, remove the suture. However, there were 
no ill effects. Traction on the suture was increased, causing it to tighten across 
the hiatus, and almost immediately there was some improvement in the appear- 



Fig. 7. Age 11 — Patent interventricular septum. 

On left — before operation. 

On right — ten days post operation shows some inflammatoiy oedema at lung hilus, 
also change in size and shape of heart. 

ance of the heart. Its size, particularly of the right ventricle, diminished quite 
considerably. The color of the heart improved and there seemed to be no iH 
effects. The anesthetist found no change in the patient’s condition or blood 
pressure. It was thought, therefore, that perhaps the suture was in a satisfac- 
tory position and was performing some useful function. While moderate traction 
Avas applied to the posterior end of the suture, it was stitched to the epicardium 
at several points, aAmiding branches of the coronary artery. This moderate ten- 
sion caused some anteroposterior compression of the heart at the site of the 
hiatus. The mass of muscle in the anterior end of the suture, plugged the ante- 
rior opening in the heart satisfactoril}’. There was practically no hemorrhage 
and the patient stood the operation ver}^ well. The pericardium was repaired 
and the chest closed. 

Case 2. — W. L., age 11: The patient was not cyanosed but had little energy. 
Examination showed an enlarged heart. He Avas operated upon through an ex- 
posure similar to the above. The heart AA^as about three times normal size. A 
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living suture was passed through in a fashion similar to that described. The 
patient stood the operation very well. There were no ill effects whatever. On 
tightening the suture in position, there was marked diminution in size of the heart 
with improvement of its color. Blood pressure which was 120 systolic at the 
beginning, during the operation fell to 108, but by completion of the operation 
had returned to 120. 

The patient made an uninterrupted recovery. On the fourth day he was 
given heparin for a period of seven days, keeping his clotting time between eight 
and 14 minutes. The result seemed to be quite satisfactory, although the late result 
cannot be determined as yet. Figure 7 shows the heart roentgenograms before 
and 10 days after operation. 

Case 3. — BB., age 13: This patient was operated on quite satisfactorily with 
similarly good results. 

Two other patients were explored hoping to carry out a similar procedure. 
However, in both of these, transposition of great vessels was discovered which 
had not been revealed with certainty by clinical, radiographic evidence or by 
catheterization of the heart. In these no interferenc with the heart was carried out. 



Fig. 8.— Patent interauricular septum. 

On left — before operation. 

On right Two weeks following operation showing change in size and shape of 


interauricular SEPTUlvI 

Case 4. C. W., age 12: This patient was operated upon through a similar 
exposure, for a patent interauricular septal defect as well as what was thought 
to be a smaller patent interventricular septal defect. At operation the right 
auricle was found enormously enlarged, probably ten times the size of the left. 
Ihe auricular appendage was at least ten limes as large as that on the left side. 
Ihe ventricles, while enlarged, were small in comparison with the enormouslj' 
enlarged right auricle. By means of the enlarged right auricle, the heart was 
already rotated very much to the left so that the aorta appeared on the right 
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side of the pulmonary artery. It was decided, therefore, to place our sutures of 
silk, in this case, beginning to the right of the aorta and pulmonary artery and 
emerging posteriorly through the area between the superior vena cava and the 
right pulmonary veins. Two sutures were passed through without difficulty. (It 
is the plan in future cases to pass more than two sutures.) These sutures were 
tied together posteriorly and were drawn taut from the anterior end and com- 
pressed with the finger. This caused a very great change in the size, shape and 
color of the heart. The right auricle diminished to at least one-half its size within 
about two minutes. The patient’s general condition was good. The blood pres- 
sure remained normal. The sutures, after experimenting with this for some 
time, were tied down firmly, compressing the anterior and posterior walls of the 
auricles. This caused continued improvement in the patient’s condition. The 
chest cavity was then closed without drainage. (Fig. 8.) 

The patient made an uninterrupted recover3^ From the fourth to the llth day 
she was given heparin"* to prevent propagating thrombosis from the area of suture. 

She made a good recovery and her general) health is much improved. As there 
was very little cyanosis before, there was little improvement on this account. 

One of these patients undergoing operation for interventricular septal 
defect died. Examination showed that the patient died not of any ill effects 
in the heart or at the site of operation. The atelectasis of the left lung was 
thought by the pathologist to have been responsible for the death, and this ■ 
would be borne out by the clinical course of the patient toward the end of 
the first postoperative week, which time she survived. The suture going 
through the heart was in good position and seemed to be in a position to oc- 
clude to a degree the patent interventricular septum. 

CONCLUSIONS 

The cardiac septal defects present a challenge to the surgeon. Attempts 
at closure, at least in part, have been carried out experimentally, and in clin- 
ical patients resulting in moderate improvement. This would suggest further 
work which might go on to produce better effects anatomically and clinically. 
The demonstration that this can be done with safety is probably the chief 
feature of the present work. 
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Discussion. — Dr. Arthur H. Blakemore, New York: I certainly enjoyed this 
presentation. I heard via grapevine what was going on in Toronto and I con- 
gratulate Dr. MurraJ^ Some years before the war, I think in 1939, we did some 
experimental closures of the septa in dogs, that we had made by a punch. We were 
rather interested in seeing how well simple inversion of the auricular appendage 
worked when pushed through the opening and, after getting it in there, packing iu 
some fascia lata to make it a self-retaining ball on the other side of the septum. 

I should like to ask Dr. Murray what kind of needle he used and also would 
like to know how tight he drew the interventricular septal sutures. 
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Dr. Alfred Bullock, Baltimore: You all remember the amazing paper on 
coronarv' occlusion presented, b^' Dr. Gordon ^urraj* at the last meeting of this 
Association, and now he comes forward with an even more amazing presentation. 
Certainh- it never would have occurred to me to place sutures blindh- in this manner. 
I did not understand. Dr. Murray, what U*pe of suture you used other than that 
it was a living suture. I would like to ask further about embolism, if there has 
been e\-idence in 3'our experimental or clinical work of that. I take it that a good 
part of the occlusion of such a septum is from the thrombosis which occurs on the 
suture material. 

(slides) I would like to describe a new method for creating an inter-auricular 

defect. This method was devised b}' Dr. Hanlon and m\-self and the advantage of 

it is that it can be done under direct vision and without excessive blood loss. The 
abilitr- to carry- it out depends on the fact that the pulmonary- vein is attached to the 
posterior wall of the right auricle. In this diagram you can see tliat part of the 
right auricle, together with the pulmonary- vein* immediately posterior to the auricle, 
is occluded by an especially devised clamp. An opening is made in the pulmonary- 

vein and a similar opening in the right auricle. The posterior segment of the 

auricle is adherent to the anterior wall of the pulmonary- vein, so one can simply- 
excise a segment of the two walls; in fact, one can pull an additional quantity of 
this septum out and excise it. The closure consists simply of suturing the anterior 
part of the auricle to the anterior segment of the pulmonary vein, it being un- 
necessary, of course, to place any- sutures posteriorly. 

We have used this method on only one patient, and that only ten days ago. 
This was a child with transposition of the great vessels. The postoperative result 
is good thus far, although it is too early- to know the eventual outcome. 

.A.gain I wish to congratulate Dr. Gordon Murray- on his excellent work. 

Dr. D. W. Gordon ^Iurr-^y, Toronto (closing) ; Regarding Dr. Blakemore’s dis- 
cussion about needles, we use skin needles with the rough edges and the point re- 
moved. or ordinary seamstress needles of the larger variety. Wood needles for 
darning or for petit point work are good. Any- of the needles are used in reverse, 
putting the eye through first, using it much as one would a probe. With this the 
front wall of the heart, then the hiatus, then the posterior wall can be felt quite 
satisfactorily. 

Regarding the tension applied to the suture through the inter\-entricular defect, 
it is pulled sufficiently- that a bit of a dimple appears on the anterior wall w-here 
the knot on the end of the suture comes against the wall of the heart. By- holding 
the end posteriorly-, one can feel if any-thing else, such as a ^-alve or chordae 
tendineae. may- be tugging on it, much as a fisherman feels a bite on a hook in the 
water. If satisfactory-, it is then stitched down to the epicardium front and back. 
In the one case examined at postmortem, the suture was in satisfactory- position 
and seemed to be under satisfactory- tension. 

Regarding Dr. Blalock’s question about the trpe of sutures : For the inter- 
ventricular one, we use a living suture removed from the fascia lata of the thigh. 
This is of fair size, so that by- its bulk it u-ill partly- fill the opening in the hiatus. 
MTiile we have not used more than one. probably several could be applied to more 
or less produce a basket weave to more or less fill the hiatus. 

For the inter-auricular septal defect, linen, cotton or silk sutures are used. With 
these the front wall of the auricle is drawn down and sutured to the posterior wall. 

So far as embolism is concerned, this is controlled by- the use of heparin. M e 
hesitated to give heparin immediately-. However, on the second or third day, heparin 
has been administered so that any- thrombosis that might have occurred up to that 
time, would then be limited and allowed to heal in position. There has been no 
evidence of e.xtensive or dangerous thrombosis, and no embolism in anv of these 
patients. 
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INTRODUCTION 

It is again my privilege to present investigations on revascularization 
of the heart. The work done b}^ us in the period between 1932 and 1942 has 
been reported. Briefly stated, we showed that the heart could be revascularized 
in two ways. One of these was b}' the production of extra coronary anasto- 
moses, i.e., communications between the coronary arteries and the blood 
vessels of tissues grafted upon the heart. The other method for revasculariza- 
tion was by the production of communications between the various coronary 
arteries so that one artery connected with another. This was accomplished 
by the production of inflammation on the surface of the heart. These methods 
were effective to the extent of reducing b)'^ 50 per cent the mortality that 
occurred after ligation of the descending ramus of the left coronary artery at 
its origin. Thirty-seven patients with severe coronary arter}! disease were 
operated upon using these methods and the clinical results confirmed the 
experimental studies. 

Since February 1945 my associates and I have been attempting to revascu- 
larize the heart by converting the coronary sinus into an artery. The results 
of this work up to February 1947 were recently published.^ It is my purpose 
to present this work to this association. A number of investigators are now 
working on the coi'onary problem and no doubt our experiences will be an aid 
in their work. 

DISCUSSION 

The coronary sinus. This is a vein that lies in the auriculoventricular 
groove of the left ventricle. (Fig. lA.) It carries blood from the left ventricle 
and empties into the right auricle on the posterior aspect of the heart. The 
sinus can be ligated with little or no mortality. After it has been ligated blood 
drains directly into the four chambers of the heart. The sinus is then available 
and can be used for the entrance of oxygenated blood to the left ventricle. 
The wall of the sinus becomes thickened after it has been ligated. The sinus 
and its tributaries can tolerate arterial pressures. 

The Artery for Anastomosis to Stmts in the Dog. The only artery in the 
dog that was large enough and long enough for anastomosis was the common 
carotid. We used the left carotid artery. It was dissected free throughout its 
course ; it was transected below the bifurcation and it was turned down into 
the chest. The technique of anastomosis is shown in Figure 2. 

Netv Branch from the Aorta. The common carotid artery is larger than 
the coronary arteries. No doubt it is larger than necessary. In man the 

* Read before the American Surgical Association May 29, 1948, Quebec, Canada. 
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Plate I. A. — Anterior view of human heart. 
Coronary sinus and coronary arteries were injected. 
The venous system is white; the arterial system 
is red. 

B. — Posterior aspect of dog heart. Common 
carotid artery was used for anastomosis to coronary 
sinus. Carotid artei^ and coronary sinus injected 
in white; coronarj’- arteries injected in red. 
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carotid artery frequently cannot be sacrificed without cerebral complications. 
In the dog it can be taken almost as a routine provided the bifurcation is 
preserved. The dissection of the carotid artery in a patient with coronary 
artery disease would add considerably to the magnitude of the operation. 
For these reasons it was necessary to consider other possibilities to obtain 
arterial blood. A pulmonary vein was considered but we did not believe the 
pressure was high enough in this vein to produce adequate flow. A new branch 
from the aorta appeared to be the best possibility. (Fig. 3.) The aorta lies in 
close proximity to the sinus. It is about three centimeters from the sinus. The 



siniic • ’ 4^1,’ of left common carotid artery to coronary 

cintio 4. show method for isolation of segment of 

without hemorrhage. The sinus is partially 
civile A carrier with two silk sutures is passed beneath the 

^ V points as indicated. One piece of silk is cut. A proximal 

nistal ligature and a mattress suture are thereby provided. These 
e tied as m c and the sinus is opened. Four cardinal everting mattress 
ures are placed between sinus and artery as shown in (d). The anas- 
mosis IS completed by a continuous everting suture as in (e). Trauma 
to sinus IS minimal to prevent thrombosis. (J. A. M. A.). 
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Pott-Smith-Gibson clamp enabled us to open the aorta and to make anasto- 
mosis to the aorta. In patients with extensive arterial disease it will be desirable 
to select a segment of aorta that is free of disease. A free graft of vein or 
artery was used in our experiments. We used a free graft of brachial artery 
in one patient upon whom this operation was done. This artery had atheroma 



Fig. 3.— Free graft of vein between aorta and coronary sinus of the dog. 
The aorta is dissected free for a distance of about 3 cm. Two intercostal 
arteries are cut. The special clamp is placed on aorta as in (a.) allowing 
some blood to pass the clamp. The aorta is opened by inciscion about 5 mm. 
m length. An everting mattress suture is placed between garft and aorta_ at 
each end of this incision. Anastomosis is completed by a continuous everting 
suture as in (b.) (c.) shows the complete operation. 


in its wall. It appears that a vein is preferable to artery and we are using 
vein grafts at the present time. Observations of the grafts will be made in 
experiments that have gone along one or two 3fears. 

Recently we found that the size of the graft was a factor in the success 
of the experiment. We made incision in the aorta about 5 mm. in length. 
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We used a graft of jugular vein. The incision in the sinus was about 5 mm. 
in length. After the anastomosis was completed we found that the heart did 
not always tolerate the anastomosis. Frequently failure developed as the 
chest was being closed or within 24 hours. At the present time we are con- 
stricting the graft of the jugular vein so that it will be about the same size 
as that of the carotid artery. This is done by placing a ligature of silk around 
the vein so that the inside diameter is about 3 to 3.5 mm. We found in the dog 
that the heart tolerated the current delivered from the common carotid artery. 
No doubt there is an optimum amount of blood for the heart. It is possible to 
deliver too much blood to the heart. 

In so far as I know this is the first time a new branch from the aorta has 
been made. This anastomosis has several advantages. The aorta and the 
sinus are in one surgical field. The technic is not difficult. There are problems 
of thrombosis on which we are working at the present time. We expect to 
determine patency by exploration after the anastomosis has been made and 
keep about 25 dogs with patent anastomosis for one to three years for observa- 
tion in long term experiments. 

Preparation of the Shuts for Anastomosis. Anastomosis to the normal 
sinus in the dog was possible in the occasional experiment. As a rule the 
normal sinus in the dog was so delicate that sutures could not be placed without 
tearing the sinus. AVe found that ligation of the sinus resulted in some thick- 
ening and fibrosis of the wall of the sinus. This made it possible to place 
sutures more satisfactorily. In most of the experiments changes in the sinus 
were continuous and after several weeks the sinus was small and the wall 
fibrotic. The optimum time for anastomosis was 8 to 14 days after ligation. 
Occasionally the sinus was satisfactory for anastomosis six months later and 
there appeared to be variation in the fibrous thickening. 

Measurements of Beneflf. In view of the technical problems that had to 
be overcome in order to develop this operation we were particularly desirous 
to know whether the anastomosis was beneficial. AA^e spent 18 months working 
on this project before we had any definite evidence that it would be beneficial. 
AA^e now have an answer to this aspect of the project. The anastomosis is 
beneficial and the degree of benefit appears to be significant. 

Measurements of benefit were made by complete ligation of the descending 
lamus of the left coronary artery at its origin and then determination of results. 
In a noimal control group of dogs ligation of this artery was followed by earlv 
death, i.e., within 24 hours in 7 out of 10 animals. Only three recovered. In 
another group of dogs with patent anastomosis between carotid artery and 
coionaiy sinus ligation of this artery was followed by no earl}^ deaths in 10 
animals , there were two dela3^ed deaths, one after 8 days and one after 13 days ; 
the remaining eight animals continued to live. 

The amount of destruction in myocardium was equally si.gnificant. In the 
three animals of the control group a large infarct was present in each specimen. 
The destruction of myocardium involved the entire thickness of myocardium 
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(Fig. 4.) In the group with patent anastomosis the destruction of myocardium 
was absent or slight. In this group all 10 dogs lived so that there were 10 
specimens for examination whereas in the control group there were only three 
specimens for examination. Out of the 10 there were four that showed no 
infarct, and in the remaining six the destruction of myocardium was not 
extensive in any specimen. (Fig. 5.) 

These two measurements of benefit — mortality and infarction — indicate 
that the anastomosis can and does supply the myocardium with a significant 
quantity of arterial blood. It would appear that the anastomosis enables one 
to ligate a major artery with little or no mortality and , with little or no 
infarction. ' 

Effectiveness of this Circulation. The measurements of mortality and 
infarction after coronar}'^ artery ligation indicate that arterial blood in the 



rnrnni*^’ coiitrol group. The descending ramus of the left 

thU ^ Only 3 animals survived 

\yhh plgure 5^""^ specimens showed a large infarct. Compare 


\enous S 3 ^stem is an effective functional circulation. These measurements can 
be regarded as proof of the effectiveness of this circulation. Additional infor- 
mation on this point was obtained by injection studies of dead specimens. 
^ re dog V as bled , the blood was heparinized and the heart was removed. 

le coionary sinus was cannulated as was also the left coronary arteiy. 
Blood was injected into the sinus inider pressure of 120 mm. mercu^^ The 
amount lecor ered fiom the artery was measured. In normal hearts the average 
amount recoxered fiom artery was 9 cc. per minute. In another group of 
experiments the coronar}^ sinus was ligated and several weeks later similar 
were made. The average amount recovered from the artery 
u 1 1 minute. Dn the basis of these experiments it would appear 

fi 1 °° filter the arterial bed from the venous bed. It would also appear 
lat larger quantities of blood can enter' the arterial bed after the sinus has 
n occ u e . This point ma)^ have significance in reference to the functional 
c larac eristics of retrograde flow. Does this arterial blood in the venous 
em ia\ e t le same functional possibilities in reference to oxygen-exchange 
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is by way of the superficial veins that drain directly into the right auricle. 
There are a number of such channels under the epicardium of right ventricle 
both anteriorly and posteriorly. The anastomoses between these veins and 
the coronary sinus system are variable. In some normal hearts they may be 
absent; in others there are numerous connections. After ligation of sinus 
these communications usuall}'', but not always, increase. We injected and 
cleared approximately 30 specimens after arterialization of the sinus and in 
about half of the specimens these communications were abnormally developed. 
In two specimens these communications resembled arteriovenous fistulae. 
These veins could be ligated at operation when anastomosis is done. We 
expect to get evidence in favor of ligation of these veins. Perhaps a row of 
superficial sutures around the right auricle ma)' be necessary to prevent 
further development of these veins. The usual appearance after arterializa- 
tion is shown in Figure IB. 

Application to Patients. One patient was operated upon. This patient, a 
man 45 years old, had angina pectoris for five years. He was almost totally 
incapacitated. Electrocardiogram did not show evidence of an infarct. 

Operation was done January 27, 1948. A segment of left brachial artery 
was used for the graft. The graft had some atheroma in the wall. The aorta 
was markedly dilated. Anastomosis was made between aorta and graft. The 
pericardium was adherent to the heart. It was separated from the sinus. 
Dissection of the sinus was carried out. Stabilizing sutures were placed in the 
pericardium. The heart beat became weak and blood pressure could not be 
obtained. Adrenalin was given and heart action improved. The operation was 
continued. The sinus was dissected from the heart for a distance of one 
centimeter. An occluding ligature was placed on the sinus toward the ostium. 
A temporary ligature was placed on the other end of the segiuent of sinus. 
The sinus was opened. Anastomosis was carried out between artery and sinus. 
The heart became weak and blood pressure could not be obtained while the 
anastomosis was being done. Anastomosis between aorta and graft was com- 
pleted. The clamp was removed from the graft. The heart beat became 
stronger after arterial blood entered the sinus. 

After' the operation was completed the blood pressure rose from 60 mm. 
mercury to 124 mm. mercury. The patient became conscious. Circulatory 
failure developed. Death occurred after 24 hours. 

Autopsy examination showed recent infarct of posterolateral and basal 
aspect of left ventricle ; arteriosclerosis of aorta ; arteriosclerosis of coronary 
• arteries moderate to marked with focal stenosis. Fluid was injected through 
the graft from aorta into coronary sinus. The anastomosis was patent. 

I believe the recent infarct contributed to the cardiac failure. This infarct 
probably formed during the anastomosis to the sinus when the blood pressure 
was low. 
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SUMMARY 

1. A third method for revascularization of the heart is presented. This 
method consists of arterialization of the sinus. 

2. Arterialization of the coronary sinus was accomplished by grafting a 
systemic artery into the sinus and also by making a new branch from the aorta 
to the sinus using a free graft of artery or vein. 

3. Arterialization of coronary sinus is effective physiologically. After 
anastomosis has been made it is possible to ligate a major coronary artery with 
little or no mortality and with little or no infarction. 

4. Various problems concerning circulation in the heart invite further 
study. 

5. One patient with severe coronary artery disease was operated upon. 
A free graft of brachial artery was placed between aorta and coronary sinus. 
A fresh infarct developed in the interventricular septum probably at the time 
of operation. The anastomosis was patent at the time of death one day later. 

I believe we are approaching the time when the operation can be applied 
to patients. Dr. Gallic in his presidential address, in discussing new operations 
used the phrase “a large amount of good and a small amount of harm.” It is 
our hope that further experience in application to patients will fall within the 
broad meaning of his statement. 

REFERENCES 

Beck Claude S., Stanton, Eugene, Batiuchok, William, and Leiter, Eugene : Revascula- 
rization of the Heart by Grafting a Systemic Artery or a New Branch from the 
Aorta into the Coronary Sinus. J.A.M.A., 137: 436, May 29, 1948. 

Discussion. Dr. B. Noland Carter, Cincinnati ; Dr. Beck’s work concerned 
with surgery of the heart has been not only of great interest to me but has been 
a most helpful stimulus as well. I did not realize, until I became interested in cardiac 
surgery, how much fundamental work had come from Dr. Beck’s laboratory. No 
matter what phase of cardiac surgery my group embarks upon, they find that Dr. 

/ 1 ^ explored the field and made important contributions to it. I have 

enjoye ns paper today, but not having had experience with the latest operation which 
e as ea t with, I am not in a position to make pertinent first hand comments con- 
cerning it. It is certainly a brilliant technical feat, and one which may well lead to 
easier an ess arduous means of bringing in a new supply to the heart by way of 
e coronary sinus. The operation is of such recent origin that I feel sure that 
many questions concerning it which have occurred to Dr. Beck have not had time 
o e answered. Among those are: (1) How to regulate the flow of a proper 
amount o ood to the heart; too much might be as harmful as too little. (2) How 
IS venous rainage effected if the venous bed is filled with arterial blood? (3) What 
® result of the production of an A-V fistula so close to the heart? (4) How 
Mdur^^^^^”^^ severe myocardial damage tolerate this technically difficult pro- 

I have become especially interested in attempting to produce a new blood supply 
o e myocardium by utilizing the lung as the source. The proximity of the lung 

o le leart and its extreme vascularity have appealed to me as factors which 
s lou rna -e It particularly suitable as a source of blood supply to the heart. The 
o vious disadvantage of utilizing the lung in this fashion is that the pressure within 
e pu monary circulation is so much lower than that in the systemic one. On the 
o ler and, if one is dealing with coronary sclerosis, the pressure in the smaller 
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terminal vessels in the myocardium is thought to be quite low also and, therefore, 
could well be fed blood from the puImonar 3 ' circuit even though tlie pressure in 
the latter is low. 

Soon after embarking on the problem of utilizing the lung as a source of blood 
supply to the heart, I found that Lezius, a German surgeon, had done considerable 
work along this line in 1939. In brief, our procedure consists in making a large 
window in the pericardium, painting the surface of the heart and the under surface of 
the lung with asbestos powder, and suturing the lung to the edge of the pericardial 
window. In this way, the two surfaces are held in apposition bj' the sutures in 
the pericardium and the irritating effect of the asbestos powder, as described by Beck, 
produces vascular adhesions between the two surfaces. The results of our experi- 
ments are shown in the slides. 

The operation was performed on 12 normal dogs which were sacrificed at 
varying intervals. The heart and lungs were removed and a mixture of dogS’ blood 
and India ink was injected at normal pressure into the pulmonary artery of the 
adherent lobe. Particles of ink were found regularl 3 ' in the m 3 ’ocardiumj but 
particularly in the superficial vessels. 

In the second group the coronary artery was ligated following cardiopneu- 
monopexy; the dog was sacrificed, and injection made. Here the ink was found 
well distributed throughout the myocardium, as indicated on the slide, 

I feel that without doubt we have shown that vascular connections can be made 
between the vessels in the lung and those in the heart. VVe have not proven, how- 
ever, the direction of blood flow nor the volume of blood conducted b 3 ' the new 
channels. There was a striking difference between the amount and distribution of 
the ink in those cases in which ischemia had been created by ligation of the 
coronary artery versus the normal cases. This bears out the theory that an organ 
in need of blood will obtain it through an 3 ' available source. 

Feeling that it is not only justifiable but desirable to appl 3 ' proven laboratory 
procedures to human cases, I have operated on two patients, utilizing the above 
procedure. The first patient was operated on about one year ago and has been 
strikingly improved, so that he no longer considers himself incapacitated. The other 
patient unfortunately died 36 hours after operation from an overwhelming infection. 

I would bke to say in closing how much I have enjoyed Dr. Beck’s film, and to 
congratulate him on a splendid piece of work. 

Dr. Alfred Blalock, Baltimore: I want to discuss the ver 3 r interesting work 
that Dr. Beck has reported. I am sure you know that this problem is being studied 
in many laboratories since Dr. Beck pioneered in this field. For example, in Canada, 
Dr. Repstein in Montreal has been conducting such experiments, and Dr. Stenstrom 
in Victoria, B. C., is carr 3 dng out similar work. 

Dr. Thomas Johns and I have performed a moderate number of operations in 
which the carotid artery was brought down and anastomosed to the sinus, as Dr. 
Beck has described. In 52 experiments the carotid artery was used. In 47 of these 
the anastomosis was open at the completion of the operation: in 28 of the 47, 
an end-to-end anastomosis was performed, and I believe Dr. Beck described that 
as the method he used; in the remaining 19 an end-to-side anastomosis between 
the end of the carotid artery and the side of the coronary sinus was performed. 
Of the 28 animals in which end-to-end anastomosis was performed, 57 per cent 
died within 72 hours of operation ; the anastqmosis was patent in most of them at 
the time of death, and there was marked engorgement of the superficial third of 
the muscle of the left ventricle and the adjacent part of the right ventricle. Of the 
12 animals out of 28 who survived the end-to-end anastomosis for a longer period 
than 72 hours, there was thrombosis at the time of autops 3 ', in 10 of the 12. 
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It looks as though most of the animals die unless thrombosis occurs. In other 
words, as Dr. Carter has intimated, it may be that the carotid transports too much 
blood. 

Turning to the end-to-side anastomosis, in which the blood could flow to the 
right auricle, 16 of the 19 animals survived for 'an extended period. At the time 
of autopsy the anastomosis was thrombosed in 10 of the 16. In five of the six, 
all the blood seemed to be going into the right auricle instead of in retrograde 
fashion. In the remaining one of the six, the sinus had become occluded just before 
its entrance into the auricle and backward perfusion was taking place. Thus, in 
these two groups of end-to-end and end-to-side anastomoses, there were only three 
in which backward perfusion of the sinus was occurring, and I would like to show 
slides of the autopsy appearance of these three. The coronary sinus was markedly 
dilated and thickened in these three cases. 

An effort was made in five experiments to conduct arterial blood to the coronary 
sinus by using a plastic tube, one end of which was placed in the left ventricle and 
the other in the coronary sinus. In one of these, the tube was observed to be con- 
ducting blood 72 hours postoperatively. In the others, allowed to go a longer time, 
thrombosis occurred. 

I think one must conclude that even if this type of shunt or bypass operation 
is proved to be sound from a physiologic viewpoint, one should hesitate to use 
it clinically because of the technical difficulties and the associated high mortality. 

Dr. Samuel A. Thompson, New York: I should like to take this occasion to 
state that the work we have done was stimulated originally by Dr. Beck. We have 
just completed the follow up study of the surgical treatment of coronary disease 
in a series of patients, some of whom were operated on almost nine years ago. 

We prefer to consider this method not so much as a surgical treatment of angina, 
but as a surgical rehabilitation of the coronary cripple, especially since all these 
patients were more or less completely incapacitated and were actually cardiac cripples. 
The criteria we use to determine the degree of rehabilitation are (1) Relief of 
angina or pain; (2) increase in exercise tolerance; (3) ability to take care of their 
daily needs so that ordinary moving and travel is possible; (4) return to their 
former occupation or at least a gainful occupation. 

The method consists in the intra-pericardial use of U.S.P. talcum powder, and 
by this method we produce a collateral circulation to the heart which is both intra- 
and extracardiac, by the establishment of pericardial adhesions, plus myocardial 
hyperemia. This myocardial hyperemia is the result of the talcum foreign body 
reaction, and is a prolonged hyperemia. So far as we can determine it is a form 
of talcum powder granuloma, and the characteristics of any granduloma are an 
increase in the number of capillaries and hyperemia. This, of course, is just the 
reverse of the myocardial ischemia which occurs in coronary disease. These granu- 
lomas last for many years. 

The degree of rehabilitation does not occur equally in all patients. In this 
series of 38 patients, in more than 70 per cent the results were good to excellent ; 
in four of the 38 patients the results were less than 33 per cent improvement, which 
we classify as poor. 

The operation is extremely simple. A portion of the fifth left costal cartilage 
is removed, the pericardium is opened, the pericardial fluid is aspirated and the talc 
is widely distributed over the epicardium. The wound is closed without drainage. 
The need for rehabilitation becomes apparent from a study of the vital statistics. 
In 1945, the total death rate in the United States was approximately one and one-half 
million; almost 30 per cent of these were cardiac deaths, which is the No. 1 killer, 
and^ almost 10 per cent, or about 130,000 deaths occur from coronary disease and 
angina. Not all these coronary deaths were previously crippled, for about IS per cent 
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died with the first attack, but it is fair to assume that a large percentage were 
moderately to severely incapacitated before death. 

De. Claude S. Beck, Cleveland: There is much that I should like to say but 
the hour is getting late. Dr. Carter has raised several questions I should like to 
try to answer. The first question is whether or not too much blood might be 
delivered to the heart by the new artery. I think we might take a moment to 
consider the significance of this question. Indeed, with coronary artery disease 
in the past the important point always concerned too little blood to the heart. Now 
we are confronted with the possibility of delivering too much blood to the heart. 
This is indeed a matter of great significance. Can we get too much blood to the 
heart? The answer to this question is that it does seem possible to deliver too 
much blood to the heart. The amount of blood delivered by the graft of jugular 
vein, as shown in the motion picture, was too much to be tolerated by the heart. In 
the past months we have learned that the jugular vein graft must be constricted so 
that its inside diameter is about 3.S cm. It would appear that there is an optimum 
blood flow for the heart and, no doubt, in patients this optimum amount will vary 
with the severity of the disease in the coronary arteries. 

The second question concerns venous drainage of blood from the myocardium. 
When the sinus is ligated blood must escape from the heart by other routes. It 
seeps through. the various channels in the heart and escapes into the four chamlers 
of the heart. In our experimental work on dogs we found that the sinus should be 
ligated as the first step in the operation. Many sinuses are thin and delicate so that 
anastomosis in the dog is not possible. After the sinus has been ligated the wall 
of the sinus becomes somewhat thickened and is more readily manipulated at opera- 
tion. We found from five to ten days to be the optimum interval between ligation 
and transplantation. 

The third question raised by Dr. Carter concerns arteriovenous fistulae. There 
are some superficial veins over the right ventricle both anteriorly and posteriorly 
which can drain blood away from the coronary sinus system and empty the blood 
into the right auricle. These veins are variable both in dogs and in patients. It is 
possible for these veins to drain blood away from the myocardial bed producing in 
effect an arteriovenous fistula. We found such communications in two of our speci- 
mens. I have been concerned about this aspect of the problem. I feel that possibly 
these veins might have to be ligated around the auricle. However, since there is an 
optimum ceiling that should be placed on inflow into the sinus, these veins may 
become something of a compensatory mechanism. They cannot keep on enlarging 
after they reach a certain point because the inflow cannot go beyond the limitation 
of the graft. This condition is not analogous to congenital arteriovenous fistulae 
where the development may be progressive. My opinion is that venous communica- 
tions will not seriously interfere with the circulation. We want to make some long 
term experiments on this problm. 

The fourth question by Dr. Carter concerns myocardial damage in reference 
to the patient being able to tolerate the operation. I can only say that a patient with 
coronary artery disease is not a good risk for any operation. Some of our patients 
have died without operation. Once we get arterial blood into the sinus I think there 
will be improvement of the heart and that this improvement will, indeed, be significant. 

The last part of this discussion concerns thrombosis. We have had about SO 
or 60 patent anastomoses. We know when we make a satisfactory anastomosis and 
when we make an unsatisfactory anastomosis. We know what the factors are for 
success. The incidence of thrombosis is directly proportional to the amount of oper- 
ative trauma. I think a solution of this problem is possible. 
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A surgeon'’s ability to conduct a patient safely through the hazards 
of an operation depends largely on his understanding of pathologic physiology 
and his ability to act in the light of this knowledge. The increasing frequency 
and complexity of operations done on the major blood vessels, including 
operations for portal bed h 3 ^pertension, coupled with the trend toward more 
radical procedures for cancer have made a better understanding of hemorrhagic 
shock and its treatment a matter of great and pressing importance. 

A study has been undertaken in which particular emphasis was placed on 
the route and rate of administration of the blood and fluids used to combat 
shock. 

Although the bone marrow and corpus cavernosum of the penis have 
been used in emergencies, the intravenous and intra-arterial routes remain the 
best avenues through which fluids may be introduced rapidly into the vascular 
bed. Libraries have been written on the matter of intravenous transfusion 
and the hazards involved and safeguards required in its use. 

Relatively little has been written on arterial transfusion although it now 
appears to be a most useful weapon in combating shock under certain circum- 
stances. In his first contribution to surgery Halstead*^ mentions the use of 
this route in the treatment of carbon monoxide poisoning but since his work 
antedated the time when blood transfusions were safe, it was not applied in 
shock therapy. Except for sporadic mention of the matter, the literature con- 
tains no extensive study of arterial transfusion until 1943 when Drs. Kohl- 
staedt and Page,"^ acting on the suggestion of Col. Sam Seeley, undertook to 
investigate the possible usefulness of the intra-arterial route. They subjected 
a series of 40 dogs to prolonged hemorrhagic shock and then replaced 50 
per cent of the shed blood. In one half of the dogs the blood was replaced 
intravenously, and in the other, intra-arterially. Seventy-five per cent of the 
intra-arterial group survived as compared with 30 per cent of the intra- 
venous group. Using the same degree or stage of shock (measured by the 
animals blood pressure response to standard doses of angiotonin) , they found 
that the re-infusion of all the shed blood would result in nearly 100 per cent 
recovery no matter which route was used. They concluded that when the 
arterial route was used less blood was needed and that a more prompt and 
longer lasting elevation of the blood pressure was obtained. ’ In a second group 
of experiments’® these same authors found that: 

(1) The d elivery of blood into the aorta perfuses the coronary vessels. 

*Read before the American Surgical Association, Quebec, Canada, May 29, 1948. 
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relieving myocardial ischemia, and since myocardial ischemia probably 
underlies the cardiac dilatation and insufficiency, places the heart rapidly 
in a state in which it can pump the infused blood to other areas; (2) 
when, before the infusion, the patient may have been apneic, at its start 
he will take a deep breath, as if the arterial filling had rapidly extended 
to the vital medullary centers; (3) in contrast with intravenous transfu- 
sion, blood pressure is rapidly restored, and the volume of blood infused 
is determined, not by time-consuming analyses or by guess, but by the 
actual capacity of the vascular tree; and (4) a subsidiary advantage lies 
in the fact that latent bleeding which causes arterial pressure to fall off 
rapidly is detectable within minutes rather than hours.” 

Gardiner" has described the successful use of arterial transfusion in con- 
nection with a technic of deliberately inducing hypotension as an aid in 



hemostasis in the removal of olfactory lobe meningiomas and in the fenestra- 
tion operation. 

.At the 77th annual meeting of the Society of Clinical Surgery, Trincher 
and Elkin-' reported preliminary experiments on arterial transfusion. They 
found that in animals in hemorrhagic shock peripheral blood flow (plethysmo- 
graph) u as leturned to noimal levels much more rapidly when the arterial 
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route was used than when the venous route was employed. This report of 
Trincher and Elkin prompted the studies which are described in this paper. 

Although our study is primarily clinical, certain animal experiments have 
been performed in order to gain experience with the technic and to evaluate, 
if possible, the effect of using the arterial route on the phenomenon of irre- 
versible shock. Details of the experimental studies will appear in a separate 



Fig. 2. — Front view of pressure transfusion apparatus. 

communication. The lessons learned in these animal studies which have been 
applied in clinical work are as follows: 

( 1 ) Irreversible shock when established according to the criteria set 
forth by Frank, Seligman and Fine’ was not favorably influenced by arterial 
transfusion. Normal blood pressure was restored temporarily, but the animals 
died of shock within six or eight hours. 

(2) The rapid introduction of blood into an artery with the consequent 
distention of the vessel is a stimulus which often throws the vessel into 
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spasm. This can be so severe as to interfere markedly with the transfusion. 
Procaine 1% used locally around the vessel overcomes the spasm. We have 
supplemented this with stellate ganglion blocks in some of our clinical cases. 

(3) Blood pressures more than 20 mm. of mercury higher than the 
animal’s norma ^'could not be obtained although efiforts were made to push it 
higher using very rapid high pressure arterial transfusion. This was appar- 
ently due to the animal’s own compensatory vasomotor mechanisms. 

(4) Congestive heart failure was not encountered in 15 dogs in hemor- 
rhagic shock regardless of the rate of transfusion. This suggests that the 
cautious gradual increase in the speed of transfusion recommended by Kohl- 

stacdt and Page may not be de- 
sirable in advanced shock states 
where immediate massive replace- 
ment of grossly depleted blood 
volume is needed. We have not en- 
countered congestive failure in our 
clinical intra-arterial cases. 

METHOD 

An apparatus has been con- 
structed for introducing fluids un- 
der pressure into the veins or the 
arteries. (Figs. 1, 2, 3.) Blood or 
other fluid is forced from sterile 
containers by building up oxygen 
pressure OA'^er its surface. The rate 
of transfusion is regulated by vary- 
ing the pressure of the oxygen. A 
fine needle valve and a mercury 
manometer permit accurate control. 
At an oxygen pressure just exceed- 
ing the patient’s diastolic pressure 
about one drop of blood will enter 
the artery during each diastole. 
Rates up to 500 cc. in three 
minutes, and faster, can be achieved 
at ox 3 ''gen pressures in the range 
of 250-300 mm. of mercury. 



Fig. 3.- 


End view of transfusion ap- 
paratus. 


The use of two blood containers connected by three-way valves permits 
the addition of more blood to the system without interruption of the trans- 
fusion. Parts of the machine through which blood passes are easily removed 
for cleaning and sterilization. 

In operating the apparatus care has been taken not to let the blood 
bottle in use become empty thus allowing air embolism to occur. 

The venous pressure machine emplo 3 'ed is of the standard t 3 -pe. (Fig. 4.) 
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Intravenous Technic. Although massive intravenous tranfusion can be 
successfully accomplished through multiple needles with gravity flow, it is 
possible with the pressure apparatus to obtain rapid flow t'iirough a single 
needle. This makes for greater convenience and readily penults adjustment 
of the rate of flow through a wide range. 

A 16-gauge three-part Lindeman needle is placed in a peripheral vein and 
connected by means of a three-way stopcock with the pressure transfusion 
machine and the venous pressure apparatus. The latter is used to take frequent 



% 


Fig. 4. — Venous pressure apparatus. 

venous pressure readings during the period of transfusion. It has not been 
necessary to tie the needle into the vein. 

Intra-arterial Technic, Any arter}" can be used in giving an arterial 
transfusion. If a major vessel such as the aorta or iliac arteiy is exposed in 
the wound, it may be selected ; however, it has usual!}’’ been more convenient 
to use the, radial artery at the wrist. This is exposed through a short trans- 
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verse incision and delivered from the wound. A 16-gauge Lindeman needle 
is then introduced centrally under direct vision and does not need to be tied in. 
This needle is connected directly to the pressure transfusion machine. One 
per cent procainpHs injected locally around the artery to overcome spasm. 
This is sometimes^supplemented by a stellate ganglion block l)ut this is not 
usually required. Pressures sufficient to cause a slow drip and keep the needle 
patent are used until rapid transfusion becomes necessary. 

Except in dire emergency, blood is the only fluid which we have intro- 
duced into the radial artery. 

At the completion of the transfusion the needle is withdrawn. If bleeding 
continues from the puncture site, the vessel is ligated ; but this is often unneces- 
sary, if pressure is maintained at the opening for a few minutes.- 

Venous pressure should be followed in arterial as well as in venous 
transfusions. 

CASE REPORTS 

Case 1. A 57-year-old white woman was admitted witli diabetes mellitus, a moderate 
degree of myocardial damage, and longstanding abdominal echinococcosis. While on the 
medical ward she had two massive gastro-intestinal hemorrhages. Five transfusions of 
500 cc. of blood brought her count up to 4.4 million by the day of operation. At operation 
great difficulty was encountered in removing an enormous spleen which was adherent to 
all nearby structures. Splenectomy permitted visualization of the stomach where a large 
echinococcus cyst was found to have eroded through the lesser curvature of the stomach 
from the liver, causing the bleeding. A large amount of blood was lost during operation. 
Shock developed in spite of 500 cc. of blood and 500 cc. of gelatin given intravenously. 
Arterial transfusion was begun and the pressure returned from 0/0 to 110/70 within 
fifteen minutes. In that time 500 cc. of blood was given intra-arterially. During the 
remaining two hours of the operation another 1000 cc. of blood and 500 cc. of gelatin 
were given intra-arterially. It was found that the systolic blood pressure could be kept 
at any level between 60 and 100 by varying the rate of flow of the transfusion. The 
patient left the operating room with a pressure of 100/60 but died 24 hours later. 
Although systolic pressures of 100 were obtained intermittently during this period, the 
shock state was never really overcome, perhaps because of severe myocardial disease. 
No autopsy was obtained. 

Comment. Tliis was our fir.st clinical case, and in spite of the unfavorable 
outcome, offered encouragement to proceed with additional trials of arterial 
transfusion. There is no reason to suppose that the gelatin solution employed 
in this case played an unfavorable part in the outcome but, for reasons stated 
below, we prefer not to administer solutions other than blood through the 
arterial route. In retrospect it would appear that much larger quantities of 
blood should have been given during the operation as well as during the post- 
operative period. 

Case 2. .A 15-year-old white girl was admitted with typical signs and symptoms of 
coarctation of the aorta. -Anteoperative blood pressure in the arms was 180/110 but none 
was obtainable in the legs. Operation : Resection of coarctation with end-to-end anasto- 
mosis of the aorta. (See Figure 5 for details of the blood pressure during operation.) 

The transfusion was given centrally up the right radial artery. During the early part 
of the operation the pressure was regulated so that only a few drops entered the patient 
on each diastole of the heart (A). When the aortic clamps were removed (B) and the 
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pressure plunged to 0/0, the transfusion was speeded up and 300 cc. of blood was run 
into the artery in three minutes. As shown in Fig, 5, the pressure rose almost imme- 
diately and was thereafter well maintained by the patient. The slow drip of saline 
intravenously was given so that a patent needle in a vein would be immediately available 
if the arterial route was not successful. 

This patient has had a good result from her operation and no detectable effect from 
the ligation of her radial artery. 

Comment. We have since done three other cases of coarctation. In none 
of them did the need for transfusion develop, and the arterial route was 
used simpl}^ for replacement of the amount of blood lost. In one case in which 
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Fig. S. Case 2. — Arterial transfusion in conjunction with resection and 
anastomosis for coarctation of the aorta. 


massive (600 cc.) hemorrhage occurred from the aortic arch, immediate 
arterial transfusion prevented any perceptible change in the blood pressure. 
When the sterile drapes were removed at the end of the procedure in that 
case, the skin over the radial artery into which the arterial transfusion had 
been given showed a cyanotic streak 3 to 4 cm. wide and extending from 
the wrist to the elbow.- This disappeared promptly when the arm was adducted 
and the forearm elevated. 

Case 3. A 59-j"ear-old woman suddenly developed shock while awaiting elective 
wiring of a large aneurysm involving the left common iliac artery and the distal portion 
of the aorta. Emergency celiotomy disclosed considerable abdominal hemorrhage from the 
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aneurysm, and wiring of the aorta proximal to the aneurysm was performed. Blood was 
given by arterial transfusion, and gelatin was administered intravenously. Following one 
particularly massive blood loss, a period of three minutes was required to bring the 
blood pressure from zero to 105/70 by acceleration of the rate of arterial transfusion. 
Otherwise the blood pressure was maintained within a safe range in spite of the initial 
condition of hemorrhagic shock and considerable continuing blood loss. The condition of 
the patient was good at closure. 

Comment. It is likely that the same result could have been achieved by 
use of venous transfusion under pressure. 

Case 4. A 37-year-old.'rgan underwent celiotomy for peritoneal abscess and multiple 
spontaneous ileo-ileostomies developing secondary to a skip type of regional ileitis. The 
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ileum involved in the ileo-ileostomies was resected and primary anastomosis was per- 
formed, leaving approximately three feet of small bowel. Arterial transfusion was begun 
while the operation was in progress because of severe shock not controlled by venous 
transfusion. In spite of a long operation and heavy, continuing blood loss, blood pressure 
was maintained by varying the rate of arterial transfusion. The patient left the operating 
room in good condition. Total amount of blood administered was 6500 cc., of which 
4000 cc. was given intra-arterially, and hematocrit the following day was 42 per cent 
Purplish discoloration and vesiculation of the skin over the radial aspect of the forearm 
receiving the arterial transfusion developed after operation, but did not progress beyond 
the stage of superficial necrosis. 

Comment. In view of the extensive unavoidable blood loss which occurred 
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during the operation, only rapid transfusion could have afforded the necessary 
support to the patient. 

Case 5. A 49-3^ear-old hypertensive negro man whose blood pressure normally is 
190/110 underwent partial thyroidectomy for a large, substernal, non-toxic, nodular 
goiter. The operation went well and the gland was removed without splitting the sternum. 
The patient was returned to the ward in good condition. About an hour later his airway 
was found to be obstructed and an emergency tracheotomy was done in bed. He was 
then taken to the operating room where the neck was exposed. Brisk bleeding which 
could not be controlled by extensive packing with oxidized gauze was seen to be coming 
from the area beneath the sternum. (See Fig. 6 for details oF'course in operating room.) 
When the neck exploration was started, his pressure was 90/50, which was serious hypo- 
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FOLLOWED BY HEMORRHA3E 
FROM CYSTIC ARTERY. 

ESTIMATED L0SS-5000CC. 

Fig. 7. Case 6. Arterial transfusion for resuscitation following deep shock 
resulting from cystic arter}”- hemorrhage. 

tension in view of his excessively high normal pressure. During the next one and one 
half hours 1500 cc. of blood, 1000 cc. of saline and 1500 cc. of gelatin were given intra- 
venously. In spite of this the blood pressure gradually fell to 60/40 and the pulse stayed 
m the range of 1 10 and was of poor quality. At this point it was decided that the sternum 
wou d have to be split in order to secure the bleeding point. With the first blow of the 
ma on the sternum knife the pressure fell to 0/0. Intra-arterial transfusion was then 
s rte at once. About 30 minutes later after 2000 cc. had been given, the pressure was 
again measured to be 120/70. The bleeding vessel was found to be the left thyro- 
which was ligated. Total parenteral therapj' of 5000 cc. of blood and 
^ cc. of gelatin. The patient did well postoperativelj’- although his red blood count 
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showed an anemia of 3.2 million for three clays postoperatively. This was corrected 
by further transfusion 

Case 6. A white man, age 47, underwent an uneventful cholecystectomy for chronic 
cholecystitis and cholelithiasis. His normal blood pressure was 110/75. He was returned 
to his room with a pressure of 60/40 which was thought to be due to a postanesthesia 
reaction. 1500 cc. of saline was given intravenously and he was watched carefull}". At the 
end of four hours he seemed in good condition, although blood pressure was only 80/50. 
During the next two hours his blood pressure was not taken. Five and one-half hours 
postoperatively he suddenly collapsed and was found to have air hunger, unobtainable 
blood pressure, feeble pulse and a cold sweat. A vein was immediate!}'' e.xposcd and 
1000 cc. of saline and 500 ciSi-ef blood were pumped in under pressure with a large syringe — 
at the same time 1000 cc. of gelatin was forced into the sternal bone marrow. In spite 
of this his pressure remained unobtainable. (See Fig. 7 for details.) An arterial transfusion 
was begun in the patient’s room and it was noticed that more than the usual amount of 
difficulty was e.xperienced in bringing the blood pressure back to normal. It was not 
until 1000 cc. of blood had been run in very rapidly (in about eight to ten minutes) that 



big 8 Case 7. — Showing pecnosis in hand. 

measurable pressure could be detected, at a level of 90/70. This slow response con- 
firmed our impression that active bleeding was going on since in the absence of such 
bleeding much less blood should have caused a more prompt rise in pressure. The patient 
was taken to the operating room with the arterial transfusion running. Anesthesia was 
induced and the wound opened. When the wound w^as opened, a marked fall in pressure 
occurred. Four thousand cubic centimeters of blood were sucked from the peritoneal cavity 
and many large clots were removed. Estimated blood loss was 5000 cc. The bleeding 
point could not be located until the intra-arterial transfusion was speeded and the 
pressure once again forced up into the neighborhood of 110/70. When this was done, 
the stump of the cystic artery was found to be the bleeding vessel and it was ligated. 
A total of 4000 cc. of blood was given intra-arterially in about 75 minutes. The patient did 
well and was discharged from the hospital in good condition. 

Comment. In this case the intra-arterial transfusion aided in making the 
diagnosis of continued bleeding. Rapid restitution of blood pressure made 
possible the discoveiy of the hidden bleeding artery. 

Case 7. A 47-year-old woman was subjected to splenorenal vein anastomosis for 
portal hypertension due to hepatic cirrhosis. Blood loss was approximately 4500 cc. ; 
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5500 cc. of blood was administered by arterial transfusion and 1500 cc. of gelatin by 
venous infusion during the entire nine and one-half hour procedure. Blood pressure was 
easily maintained at normal levels, being quickly restored after any sudden drop by 
acceleration of the arterial transfusion rate. During the nine and one-half hour operation 
she lay on her right side with the right arm in about 120 degree abduction. The right 
radial artery received the transfusion centripetally. At the conclusion of the operation 
when the sterile drapes were removed, the right hand and forearm were cyanotic and 
cold. These changes were attributed to the unfavorable position of the arm, and it was 
believed they would prove transitory. The arterial needle was withdrawn and the 
radial artery ligated. By the fourth postoperative day gangrene involving chiefly the 
radial portion of the hand was apparent in spite of repeated .stellate ganglion blocks 
(Fig. 8). Death occurred on the sixth postoperative day due to massive esophageal 
hemorrhage, the splenorenal vein anastomosis being obstructed by thrombus. Postmortem 
dissection of the arm was not permitted, but arteriograms demonstrated no radial artery 
shadow in the distal half of the forearm and no radio-ulnar arcade in the hand. 
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Fig. 9. Case 8. — Rapid intravenous transfusion through multiple needles in 
conjunction with surgery for massive gastro-intestinal hemorrhage. 


Comment. Unfortunately, thrombosis, postmortem blood clot, or con- 
genital anomaly could be responsible for the changes in the arterigram. This 
complication is difficult to explain because two possible contributing factors 
exist: (1) Impaired venous return from that arm due to poor position may 
have resulted in axillary vein thrombosis. (2) The radial artery was ligated 
at the wrist and the normal radio-ulnar anastomosis of the hand may not have 
been present. This is the only instance of this type which we have encountered. 

Case 8. Eighteen days after abdominoperineal rectal resection for carcinoma a 53- 
yeai-old woman suddenly showed signs of massive intra-abdominal hemorrhage. For 
about 30 minutes neither blood pressure nor peripheral pulse could be detected, in spite of 
a out 1500 cc. of blood transfused by venous route over a period of one and three-quarters 
ours. After 2000 cc. of blood had been administered by the centripetal arterial route 


875 



PORTER, SANDERS AND LOCKWOOD 


AiinalB of SiirKcry 
Octoher. 1948 


in 20 minutes, the systolic blood pressure had reached 100 mtn. of mercury (Fig. 9). 
The superior hemorrhoidal artery could then be recognized as the source of the bleeding, 
and it was ligated. The patient left the operating room in good circulatory condition. 
Total blood loss was 6000 cc. and hematocrit 18 hours later was 41.2 per cent. 
Postoperatively the skin of the. forearm over the radial artery used for the trans- 
fusion developed purplish discoloration and marked vesiculation. Although the hemor- 
rhagic shock was controlled adequately, death occurred on the eighth day from peritonitis 
and lower nephron nephrosis. 

Comment. The need to administer Group 0 blood which had not been 
cross-matched may have played a part in causing the renal lesion, but other 
signs of transfusion reaction were not found. The changes of the forearm 
did not show signs of progressing beyond superficial necrosis during the 
period of survival. 

Case 9. A 66-year-old white man was admitted to the hospital with massive gastro- 
intestinal hemorrhage from a benign gastric ulcer. 3500 cc. of blood was given ante- 
operatively following which it was decided that emergency gastrectomy must be done 
because of great difficulty in maintaining adequate blood pressures. 

During operation it was necessary to give another 3000 cc. of blood to replace blood 
lost by hemorrhage and prevent shock. This was done through tliree large intravenous 
needles. Venous pressures were taken frequently during the procedure. On one occasion 
the venous pressure rose to 155 mm. of water and because of this the transfusions were 
all retarded to slow drips. The venous pressure fell to 50 and transfusions were speeded 
again to compensate for bleeding in operative field. This type of management was carried 
out through the operation. The patient did well and his red blood count the next day 
was 3.2 million. 

Comment. By carefully following venous pressure readings we were able 
to transfuse 6500 cc. of blood into a 66-year-old man in a relatively short 
period of time without causing congestive heart failure. Possible citrate intoxi- 
cation was combatted by calcium gluconate administration. 

DISCUSSION 

1. The choice of route of transfusion is unlikely to influence the course of 
irreversible shock, even provided adequate quantities are given. The recovery 
of animals from otherwise, irrer^ersible shock has been accomplished by Frank 
et aP by cross-perfusion of the liver with oxygenated blood from a donor 
animal. Their studies indicated that administration of blood and fluids by 
the portal system may be more effective in treatment of shock than when the 
peripheral r^eins are used. We have not yet investigated this aspect of the 
problem. However, in shock which has not reached a stage of irreversibility, 
the arterial route appears to make the effects of transfusion available more 
rapidly to the organism. An added benefit is the direct hydraulic effect of 
raising the pressure in the aortic arch which will immediately be reflected by 
increased blood flow in the cerebral, coronary, hepatic, and renal vessels. 

2. The rate of replacement of massive blood loss deserves increased em- 
phasis. The amount of blood required for replacement after hemorrhage is 
underestimated many times (Case 5) as indicated by anemia in the immediate 
post-treatment period. A frequent error is too rapid introduction of blood 
by the venous route. This hazard is best avoided b)'^ frequent determinations 
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of venus pressure during the transfusion period. This is especially important 
to the patient with diminished cardiac reserve. The latter is the often en- 
countered situation when the surgeon finds himself trying to balance the 
patient on the narrow line between congestive heart failure on the one hand 
and shock on the other. 

3, The fluid changes incident to the treatment of shock impose a heavy 
strain on the cardiovascular system. If cardiac reserve is not adequate, heart 
failure may supervene. When time permits preoperative cardiovascular evalu- 
ation, such diminished reserve may be discovered and prophylactic digitaliza- 
tion instituted. The importance of this aspect of the problem is supported 
by recent work of Glasser and Page® who transfused dogs after hemorrhagic 
shock. Of a group given a good prognosis those receiving ouabain showed 
71 per cent survival, those not receiving it only 5 per cent survival. 

4. With respect to the nutrition of the tissues of the hand and forearm 
incident to arterial transfusion, two factors are important: 

a) Ligation of the radial artery may result in necrosis of a part of the 
hand in those rare cases where the palmar anastomoses between radial and 
ulnar arteries are incomplete. Such anomalies are uncommon, however, and 
this small risk is to be accepted as part of a life-saving arterial transfusion. 
If time permits, these cases may be discovered by externally compressing 
the radial artery before operation and observing the effect on the hand. In 
some adults ligation of the radial artery probably will be necessary. 

b) For the arterial route only blood should be used, since it is believed 
the dilution of brachial arterial blood by plasma, gelatin, or saline increases 
the risk of ischemic necrosis of the tissues of the forearm and hand. Kohl- 
staedt and Page administered plasma to three patients via tlie radial artery. 
In two of these patients an area of sloughing appeared on the flexor surface 
of the forearm which had been used for the transfusion. 

In our experience four patients receiving blood centripetally in the radial 
artery showed marked purplish discoloration and coolness of the skin over- 
lying the radial artery in the forearm and in two of these blistering of the 
skin occurred; in the other two the changes disappeared rapidly. It is 
believed these changes are due to varying degrees of vasospasm of the primary 
branches of the radial artery due to the introduction of large volumes of cold 
blood under high pressure into that vessel. Damage to vasa vasorum and 
small branches from the high pressures employed may have been a factor. 

5. It is important to emphasize that when shock is anticipated more than 
enough blood should be held in readiness before operation. On occasion as 
much as 5000 cc. of blood have been cross-matched for a single patient. 

6- In resection of the coarcted segment of aorta with primary anastomosis 
marked hypotension sometimes develops when the aortic clamps are removed 
after completion of the anastomosis. Peripheral resistance is decreased 
because the heart has not only a well developed collateral bed but also a 
normal aortic channel into which to empt}'. Blood pressure falls sharply until 
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vasomotor mechanisms make the adjustment, or death supervenes. Artificial 
hydraulic support of aortic arch pressure appears to be the physiologic antidote 
to this hypotension. Such a solution is provided by centripetal arterial 
transfusion. 

It is true in most instances that this measure of protection may not be 
necessary. N^evertheless, one patient operated upon in this hospital died 
suddenly immediately after removal of the aortic occluding clamps. This 
occurred before tbe development of the pi'essure transfusion apparatus. 

SUM MARY 

A review of pertinent literature indicates certain advantages of the 
arterial over the venous route of blood transfusion in the treatment of shock. 
However, it is possible that some of the benefits attributed to arterial trans- 
fusion are actually due to the rapid rate at which the blood had been 
administered. 

An apparatus is described which makes possible prolonged, controlled, 
rapid administration of fluids tlirough A'ein or artery. Frequent determination 
of the venous pressure is essential to ar'oid development of pulmonary edema 
during rapid transfusion. In eight cases of severe shock the blood was admin- 
istered arterially by use of the appai'atus described. Recovery occurred in 
each instance. The relative importance of the route of transfusion on the 
one hand and the rate of administration on the other is difficult to evaluate. 
It is possible that an advanced stage of shock may develop on occasion which 
is irreversible to venous transfusion but reversible if tbe arterial route is 
employed. The studies here reported do not answer this question. 

During operative procedures characterized by excessive blood loss, and 
therefore requiring large replacement volume, the ability to control Iflood 
pressure through a hydraulic system attached to the arterial circulation is an 
additional safeguard against shock and a great comfort to the surgeon. 
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made on laboraloiy animals. Blood flow to an extremity was selected as a criterion 
for determining changes to the peripheral blood flow, on the premise that since this 
flow is restored late in the correction of hemorrhagic shock, flow to vital centers prob- 
ably had already been restored. In the anesthetized dog, blood flow to a hind limb 
was measured b)’- use of an air pleths 5 'mograph, and recorded optically. The opposite 
femoral artery was cannulatcd for controlled hemorrhage, optically recorded blood 
pressure measurements, and the re-infusion of blood. After a basal period of 30 
minutes, normal blood pressures and flows were recorded. The animals were then 
bled rapidl}'' until the mean arterial pressure reached 50 mm. of mercury. Hemor- 
rhagic h}’^potension was maintained at this level b}"" repeated small hemorrhages for 
intervals varying from 30-75 minutes. At the end of this interval, all the blood re- 
moved was re-infused, in one group of animals b}^ the intra-arterial route, in the 
other by the intravenous route. In the intra-arterial group, the blood was re-infused 
at a pressure approximate!}’- SO mm. of mercury greater than the mean blood pressure 
and at a rate of approximately 100 cc. per minute. Pressure and flow determinations 
were made throughout the infusion period and at var}'ing intervals thereafter up 
to one hour. 

The intravenous transfusions were allowed to flow by gravity at a rate sub- 
stantially greater than that used in the routine clinical administration of blood, and 
which was considered to approach the maximum pressure permissible to avoid right 
heart congestion. The rate averaged 25 cc. per minute. When an intra-arterial trans- 
fusion was initiated at a pressure approximately 50 mm. of mercury greater than the 
animal’s mean arterial pressure, there was almost instantaneous rise in pressure 
throughout the arterial system, as noted b}' recording the pressure in arteries at 
some distance from the site of transfusion. These flows reached the normal values 
at an average of about seven minutes^ some as quickly as four minutes. Upon dis- 
continuing the intra-arterial transfusion, the arterial pressure and blood flows were 
maintained indefinitely and recovery ensued in all instances. Following intravenous 
transfusion, recovery was considerably slower, requiring a period of approximately 
four times longer. There was also a tendency for blood pressure and flow to be 
maintained at a lower level than normal after the transfusion was completed. 

From our clinical experience, it appears that intra-arterial transfusion has a 
definite place in the treatment of severe traumatic shock, exsanguination in obstetric 
emergencies, and intra-abdominal and intrathoracic hemorrhage. 

Dr. George H. Humphreys, New York: I would like to acknowledge our indebt- 
edness to Dr. Elkin and Dr.’ Pilcher for their work, without knowledge of which we 
would not have undertaken to treat these patients. I can say from experience, 
especially with coarctation cases, that it is a matter of great reassurance to a physi- 
cian that he can replace blood rapidly, and I can say that in many cases a fall 
in pressure could be fatal. It is necessary to have a well-organized blood bank to 
produce blood rapidly. It should be used only in cases of great emergency. 

Dr. Hieger P. Jenkins, Chicago: Following the dictum that we should strive to 
carry out the procedure which will do the most good and the least harm, I would 
like to suggest that a cuff or a patch of gelatin sponge (gelfoam) be used to con- 
trol hemorrhage from the arterial puncture wound and thus obviate tlie necessity and 
hazards of ligation of the vessel. 

This suggestion is based on recent experimental work on dogs, in which it was 
possible in most instances to obtain control of hemorrhage and restoration of blood 
flow after a scalpel wound of the coronary artery by the gelatin sponge patch technic. 

Dr. Clarence Crafoord, Stockholm, Sweden : There has been some talk about 
the rapid fall of blood pressure caused by rapid release of the aortic clamps. This is 
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difficult for me to understand. I have had the aorta cross-damped in 70 cases of co- 
arctation and patent ductus, and have never taken anj' precaution to release them 
slowly, and have no blood pressure fall of significance in connection with removal 
of the clamps. In cases of patent ductus where there is no collateral circulation, 
when aortic damps are applied the blood pressure rises sometimes to 200 mm. of 
mercury or more, and has dropped to the previous level after the clamps have been 
released. I do mot think the explanation given by Gross is the correct one, that is, 
that it is the releasing of the clamps that causes the fall in blood pressure. I am con- 
vinced that there is some other factor such as unsatisfactory ventilation during the 
anesthesia for, so far as I know, all these patients are allowed to breathe them- 
selves, and have not been under controlled respiration during the operation. I be- 
lieve that if adequate ventilation were used, the small additional stress to which 
the heart is subjected on removal of the aortic clamps would not have affected 
the heart. 

There is a point I would like to stress in connection with giving large amounts 
of blood rapidly. I believe it better to give fresh blood from heparinized donors, 
rather than to give old blood. Fresh blood will function much longer than stored 
blood from a blood bank. 

Dr. E. I. Evans, Richmond, Va. : I, wish to compliment Dr. Porter highly for 
this splendid presentation, and not the least for the dramatic effect. After wars are 
ended we are apt to think we have learned all there is to know about traumatic and 
surgical shock. In going over recently the work of Cleghorn and Shute from Canada, 
it is evident to me that a tremendous amount is still to be learned. 

For' those who still worry about the introduction of whole blood as “foreign 
material” into the blood stream, we may be reminded of what John Hunter said to 
his students, “Blood is that out of which all living cells are made and from which 
they are supported." 

Dr. Ralph F. Bowers, Memphis, Tenn. : I am very much interested in the new 
agents and technics employed in replacement therapy. Intra-arterial transfusion has 
a place which will prove of inestimable value in some cases. My associations have 
been with surgeons who stressed careful hemostasis and gentle handling of tissues 
and, therefore, utilized replacement therapy as an adjunct, when it was not possible 
to prevent the loss of blood. There is developing a philosophy in surgeons today, the 
older ones as well as the younger ones, which reflects the sense of false security so 
far as blood loss is concerned, because we can have a bottle of blood hanging on a 
pole by the patient’s side, which allows us to “lose all the blood we wish” and still 
save the patient. The blood in the bottle is not as good as the patient’s own blood. 
The recent emphasis placed upon replacement therapy has brought about great im- 
provement of technics and agents. Therefore, great emphasis has been exercised 
about replacement in the past decade. Instead of appljdng the emphasis on replace- 
ment, we should return to emphasizing the time-honored fundamental principle of 
hemostasis and vigorously apply thought and energy to the prevention of the loss 
of the patient’s blood during the operation. 
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OBSERVATIONS ON VISCERAL PAIN* 

( 1 ) Visceral Tenderness 
F. H. Bentley, O.B.E., M.D., F.R.C.S. (Eng.) 

Newcastle, Englakd 

PROFESSOR OF SURGERY IN THE UNIVERSITY OF DURHAM, ENGLAND 

The many and diverse views that have been held on the subject of 
visceral sensation are due chiefly to differences of observation, which lead 
naturally to differences in interpretation. So long as the basic clinical and 
experimental findings remain in dispute there can be no agreement about the 
sensory mechanisms involved in visceral pain. The actual situation of the deep 
tenderness that occurs in abdominal disease; the presence and distribution of 
skin hyperesthesia in visceral disorders; the effect of procaine when injected 
into the area of pain-reference : these are all examples of conditions in which 
directly opposing observations have been made. 

It is necessary at the present time to re-examine some of the facts of 
visceral sensation and to report simply the findings. In this paper are described 
experiments on the location of deep tenderness found in patients suffering 
from chronic peptic ulcer. By tenderness is meant that a sensation of pain is 
evoked when the area is pressed upon. ' The questions that the experiments 
were designed to answer are; 

In patients suffering from chronic peptic ulcer, 

(I) Is the ulcerated wall of the stomach or duodenum itself tender (as 
claimed by Kinsella and Palmer) ? 

or 

(II) is the pain that is produced by pressure in the epigastrium invariably 
due to irritation of the sensitive anterior parietal peritoneum by 
the ulcerated viscus (as suggested by Morley and Twining) ? 

or 

(III) does the pain arise from pressure on hyperesthetic areas in the 
anterior abdominal wall caused by a viscero-sensory radiation from 
the ulcerated area of the stomach or duodenum (the classical 
Mackenzie view) ? 

(i) epigastric tenderness in patients with chronic peptic ulcer was 

ABOLISHED WHEN THE SPLANCHNIC NERVES WERE BLOCKED WITH PROCAINE 

Technic of splanchnic block 

No sedative was given. The abdomen was examined and then, with the 
patient m the sitting position, 25 ml. of i per cent procaine were injected about 


* Submitted for publication, April, 1948. 

SSI 


F. H. BENTLEY 


Annals of Surgery 
November, 19 4 8 


the anterolateral aspect of the body of the first lumbar vertebra on each side. 
The injection was accepted as satisfactory only when there was faintness and 
a fall of blood pressure. The patient was laid down again, and the abdomen 
re-examined. Evidence of skin anesthesia was looked for, lest the 12th inter- 
costal or the 1st lumbar nerves should have been blocked. Anesthesia was not 
found in any case. 

In the first two patients reported below, 50 ml. of i per cent procaine were 
injected into the muscles of the lumbar region before splanchnic block was 
attempted. This injection resulted in no alteration in the epigastric tenderness. 
It was not thought necessary to carry out further controls on the effect of this 
amount of procaine on pain sensitivity. 

CASE REPORTS 

Case 1 . — C. P. Male. Age 54. History of 17 years ulcer pain. A large pyloric ulcer 
was demonstrated radiologically. Examined during an acute exacerbation. Patient ill 
and frail. 

Examination: (a) No hyperesthesia of the skin of the epigastrium; (b) marked 
tenderness on moderate pressure in the epigastrium. Tenderness diffuse, but maximal at 
one place (x,' Fig. i ) . 

SPLANCHNIC BLOCK 

Re-Examination: All tenderness gone. Now possible to palpate deeply in, the upper 
abdomen with no trace of discomfort. 

At operation one week later, a large ulcer of the pylorus and first part of the 
duodenum was found. 

Case 2, — :G. C. Male. Age 45. History of 5 years ulcer pain. Duodenal ulcer 
demonstrated radiologically. Examined during an acute exacerbation. 

Examination: (a) No hyperesthesia of the skin of the epigastrium; (b) Marked 
tenderness on moderate pressure high up in the epigastrium. Tenderness well localized 
to one place (x. Fig. 2). 

SPLANCHNIC BLOCK 

Re-Examination: All tenderness gone. Now possible to palpate deeply in the upper 
abdomen with no trace of discomfort. 

At Operation 9 days later, a large ulcer of the anterior wall of the first part of the 
duodenum was found. 

Case 3 . — B. D. Female. Age 50- History of 10 years ulcer pain. Duodenal ulcer 
demonstrated radiologically. 

Examination: (a) No hyperesthesia of the skin of the epigastrium; (b) Deep ten- 
derness in the right epigastrium, well localized to one place (x. Fig. 3). 

SPLANCHNIC BLOCK 

Re-Examination: All tenderness gone. Now possible to palpate deeply in the upper 
abdomen with no trace of discomfort. 

At Operation 5 days later, an ulcer involving the anterior wall of the first part of 
the duodenum was found. 

Case 4 . — R. M. Male. Age 40. History of 7 years ulcer pain. Duodenal ulcer 
demonstrated radiologically. Examined at the end of an acute exacerbation. 
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Examination: (a) No hyperesthesia of the skin of the epigastrium, (b) Deep ten- 
derness in the right epigastrium, well localized to one place (x, Fig. 4) • 

SPLANCHNIC BLOCK 

Re-Examination: All tenderness gone. Now possible to palpate deeply in the upper 
abdomen with no trace of discomfort. 

Patient not brought to operation. 

Case 5.— J. G. P. Male. Age 40. History of 10 years ulcer pain. Gastric ulcer 
demonstrated radiologically. Examined in an acute exacerbation. 





Figs, i-s.-^Site of maximal tenderness in each .case. (Cases 1-5.) 

Fig. 6. — Sites of injection of procaine to produce abdominal wall block. 


Examination: (a) No hyperesthesia of the skin of the epigastrium; (b) Marked ten- 
derness on moderate pressure in the left epigastrium. Maximal at one place (x, Fig. 5). 

SPLANCHNIC BLOCK 

Rc-Examimiion: All tenderness gone. Now possible to palpate deeply in the upper 
abdomen with no trace of discomfort. 

At Operation 4 days later, an ulcer of the lesser curve of the stomach was found, 
forming a mass about in diameter, free from adhesions in front and behind. 

CONCLUSIONS 

Epigastric tenderness occurring in patients suffering from chronic peptic 
ulcer was abolished when the splanchnic nerves were anesthetised. The peri- 
toneal nerve supply was still intact ; the tenderness could not have been due, 
therefore, to irritation of the anterior parietal peritoneum bv the ulcerated 
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viscus. The results indicated either that the ulcerated area was itself the site 
of the deep tenderness ; or that the tenderness was due to pressure on hyper- 
sensitive areas in the abdominal wall, for the afferent limb of any viscero- 
sensory radiation would have been abolished by the splanchnic block. 

In order to investigate the pain sensitivity of the ulcerated viscus it was 
necessary to stimulate the ulcer area directly, and not through the sensitive 
anterior body wall. 

(ll) THE WALL, OF THE STOMACH OK DUODENUJI INVOLVED IN AN ULCER WAS 
SENSITIVE TO DIRECT MECHANICAL STEMTJLATION 

Operation was performed under abdominal wall block on patients suffering 
from chronic peptic ulcer and in whom epigastric tenderness had been an 
obvious clinical feature. The anesthetic was introduced by subcostal injection 
and into the rectus sheath (Fig. 6). A total of 150 ml. of i per cent procaine, 
containing a concentration of i in 100,000 adrenaline hydrochloride, was 
employed. As the observations were on the persistence and not on the abolition 
of pain, controls were not needed. 

The patients were given ]/(, gr. morphia or of “Omnopon” as a sedative. 
This did not affect the precision of the pain responses, although they became 
unreliable if heavier sedation was employed. The abdomen was opened through 
a right upper paramedian incision. 

There are many difficulties in making direct observations on visceral 
sensation in the conscious individual. The patient needs to be fully responsive 
to unpleasant stimuli, and yet should lie tranquil and calm in order that the 
response to any stimulation of the viscus may be precise and significant. 
If the patient is in discomfort it is impossible to rely on his appreciation of a 
new pain. In addition, observations have to be carried out with much gentle- 
ness, and the stimulus applied to the desired area without causing any interfer- 
ence with other tissues, as, for example, by deforming or pulling on the 
lesser omentum. 

These conditions are not easy to fulfill, and only when they were met was 
the experiment accepted. In some patients it was possible to make simple 
observations. In others, of more phlegmatic mould, the observations could 
be extended. 

Case 6. — ^I. D. Male. Age 40. Gastric ulcer. Preoperative tenderness in left epi- 
gastrium. 

Operation: Gentle retraction of the left half of the wound revealed an ulcer at the 
centre of the lesser curve, forming a mass in the stomach wall about ^4 inch in diameter. 
The ulcer mass extended slightly into the lesser omentum. It was free from adhesions in 
front and behind. 

Tests, (a) Ulcer mass gently pressed with finger — continuous pain zvhtle pressure 
maintained; (b) Insertion of a fine hypodermic needle into the mass — immediate pain as 
needle introduced; (c) Injection of 0.5 ml. 6 per cent NaCl into the mass — pain, lasting 
several minutes. 

All these tests were performed away from the lesser omentum in that part of the 
mass in the anterior stomach wall. 
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(d) Similar tests to (a) (b) and (c) were carried out at a normal part of the lesser 
curve — no sensation. 

General anesthetic given. Partial gastrectomy performed. 

Case 7 . — B. D. Female. Age 50. Duodenal ulcer. Preoperative tenderness in the 
right epigastrium. 

Operation: Scarred first part of duodenum with ulcer mass ^ inch in diameter 
adherent to the pancreas behind, but free from adhesions in front. 

Tests: (a) Anterior surface of the mass gently rubbed with finger — continuous pain; 

(b) Anterior surface of the mass gently pressed with the finger — continuous pain. 

General anesthetic given. Partial gastrectomy performed. 

Case 8. — E. K. R. Female. Age 59. Gastric ulcer. Preoperative tenderness in the 
left epigastrium. 

Operation: Gentle retraction of the left half of the wound revealed an ulcer at the 
lower part of the lesser curve, forming a mass in the stomach wall about l inch in 
diameter, not extending into the lesser omentum. It was free from adhesions in front 
and behind. 

Tests: (a) Ulcer mass gentl}’' rubbed with finger — continuous pain; (b) Ulcer mass 
gently pressed with finger — continuous pain; (c) Abdominal wall depressed against ulcer 
mass — pain (as prcoperatively) ; (d) Anterior parietal peritoneum, where it was seen to 
impinge against the ulcer, rubbed with the finger — no sensation (confirming the abdom- 
inal wall anesthesia) ; (e) Left hand introduced between the stomach and the anterior 
abdominal wall, and the abdominal wall pressed against the hand — no sensation; (f) Hand 
removed and abdominal wall pressed against the ulcer mass — pain as before; (g) Needle 
inserted into the ulcer mass — immediate pain as needle introduced; (h) Injection of 0.5 
ml. 6 per cent NaCl into the mass — pain, lasting several minutes; (i) Pressure on the 
stomach, rubbing with the finger, insertion of needle and injection of 6 per cent NaCl at 
a normal part of the lesser curve — no sensation. 

General anesthetic given. Partial gastrectomy performed. 

Case 9 . — J. P. Male. Age 37. Duodenal ulcer. Preoperative tenderness in the right 
epigastrium. 

Operation: Ulcer mass ij/2 Inches in diameter occupying the first part of the duo- 
denum and adherent to the pancreas, but free from adhesions in front. 

Tests: (a) Anterior surface of the mass gently rubbed with finger — continuous pain; 
(b) Injection of 0.5 ml. 6 per cent NaCl into the mass in the anterior- wall of the duo- 
denum pain, lasting several minutes; (c) Injection repeated at normal point on the lesser 
curve — no sensation. 

General anesthetic given. Partial gastrectomy performed. 

Case 10 . G. W. E. Male. Age 48. Gastric ulcer. Preoperative tenderness in the 
centre of the epigastrium. 

Operation : Ulcer at the centre of the lesser curve, forming a mass r inch in diameter. 
The lesser omentum was drawn into the edge of the lump, but no extension of the mass 
into the omentum. ^lass free from adhesions in front and behind. 

Tests: (a) Anterior surface of the mass gently rubbed with finger — continuous pain; 

(b) Insertion of a fine hj'podermic needle into the anterior aspect of the mass — patient 
instantly said "Oh! you’re sticking a needle in me!” This point was Yz inch from the 
lesser curve border of the stomach, and the needle entered about Y inch in depth; 

(c) Injection of 0.5 ml. 6 per cent NaCl into the mass — pain, lasting several minutes; 

(d) Pressure on the stomach, rubbing with the finger, insertion of a needle and injection 
of 6 per cent NaCl at a normal point of the lesser curve — no sensation. 

General anesthetic given. Partial gastrectomy performed. 
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CONCLUSION 

Direct stimulation of the exposed viscus showed that the stomach or 
duodenal wall involved in an ulcer was sensitive to pressure, to needle prick, 
and to chemical stimulation. This pain sensitivity of the viscus could not be 
due to pressure on hypersensitive nerves in the body wall or to irritation of the 
anterior parietal peritoneum. The ulcerated viscus itself was sensitive to 
mechanical and chemical stimulation. 

DISCUSSION 

There are two afferent pathways from the upper abdomen. One by the 
splanchnic nerves, the other by the nerves of the abdominal wall. 

When the splanchnic nerves were blocked and the abdominal wall nerves 
were intact, the epigastric tenderness associated with a peptic ulcer was found 
to be abolished. 

When the abdominal wall nerves were blocked, but the splanchnic nerves 
were intact, the exposed ulcerated area of the stomach or duodenum was found 
to be sensitive to pressure, to pin prick, and to chemical stimulation. The 
non-ulcerated part of the lesser curve of the stomach was not sensitive to 
these stimuli. 

It is possible, therefore, to conclude that abdominal tenderness associated 
with a peptic ulcer is produced by pressure on the ulcerated wall of the stomach 
or duodenum. That is, pain arises directly ji'om the viscus. The afferent 
pathway is by the splanchnic nerves. This observation is in agreement with 
the recent findings of Ray and Neill, who have confirmed by valuable studies 
in sympathectomised patients that pain sensitivity from the stomach is mediated 
wholly by afferents running with the visceral nerves. 

This conclusion does not, of course, deny that if the anterior parietal 
peritoneum is irritated by a large or inflamed ulcer, local tenderness will result. 
It is rather to emphasize that tenderness can occur from stimulation of the 
ulcerated viscus itself. 

The present experiments do not demonstrate in which part of the ulcer- 
ated stomach wall the pain sensitivity resides. They do show, however, that 
the pain sensitivity is within the wall of the viscus, and is not dependent on 
the involvement of the parietal peritoneum, the lesser omentum, or the retro- 
peritoneal tissues. 

There is no need, therefore, to postulate a viscero-sensory radiation to 
explain the epigastric tenderness in cases of peptic ulcer, but the presence of 
such a radiation is not disproved by the experiments. The viscero-sensory 
radiation has for long been a theoretical conception, based largely on the 
inability to explain visceral tenderness in any other way, for the diseased 
viscus was believed to be insensitive to painful stimulation. Although the 
present results show that the ulcerated wall of stomach or duodenum is itself 
tender, it could be argued that in addition to the direct visceral tenderness 
there was also body wall tenderness, due to a viscero-sensory radiation. The 
absence of hyperalgesia in the epigastrium does not support this view. Never- 

886 



Volume 128 
Number 5 


VISCERAL PAIN 


theless, unless the patient is able to estimate whether the deep tenderness is 
diminished (or not) by abdominal wall anesthesia, there is no certain demon- 
stration of the presence or absence of a viscero-sensory radiation. Such meas- 
urement of the degree of pain introduces difficult subjective problems, and 
needs to be the subject of a separate investigation; 

SUMMARY 

I. In patients with chronic peptic ulcer, 

(i) the epigastric tenderness was abolished by splanchnic block, 

(ii) the exposed ulcerated stomach or duodenum was sensitive to 
pressure, to pin prick, and to chemical stimulation. The non- 
ulcerated stomach wall was insensitive to these stimuli. 

II. It is concluded that the epigastric tenderness was not due to irritation 
of the anterior parietal peritoneum by the ulcer, but to pressure on 
the viscus itself. That is, the pain arose directly within the ulcerated 
viscus. 

III. There was no evidence of a viscero-sensory radiation, but such a 
radiation is not disproved by these experiments. 
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The NUMBER OF CASES OF HEMOPHILIA who have undergone minor 
surgical procedures is very great and will not be a subject of review in this 
report. However, Bii'cb^ in a monograph on hemophilia in 1937 reported the 
following in regard to surgery in 113 cases of hemophilia studied. Analysis 
of the cause of death showed that the greatest number were due to hemorrhage 
following surgical procedures, all but one of which were operations of a minor 
nature. There can be no doubt that the great majority of hemophiliacs who 
undergo minor surgical procedures at the present time probably are brought 
through safely to recovery. Nevertheless, even the simplest operation still 
presents a serious problem calling for intensive treatment with prophylactic 
transfusions or injections of fresh plasma or Fraction I of Cohn before oper- 
ation, with repeated use of these procedures postoperatively. In addition, local 
hemostatic measures should be used. 

It is obvious that if minor surgical procedures are accompanied by such 
risk of fatal hemorrhage, major operations must be proportionately more 
hazardous. The site of trauma is probably the most important criterion of 
operability. If the operative site is exposed so that local hemostasis, pressure, 
and application of hemostatic substances can be employed, the chances of 
staunching the flow of blood are vastly increased. Thus Firor and Woodhall- 
successfully carried out the amputation of the thumb in a hemophiliac ; David- 
son and Levenson^ have succeeded in skin grafting a hemophiliac with the 
help of thrombin; and Blalock^ in 1932 amputated the arm of a proven 
hemophiliac. The occurrence of hemorrhage internally, either spontaneously 
or secondary to trauma, where local controlling measures cannot be continually 
applied presents a much more serious and difficult problem of management. 
A review of the literature in an attempt to collect opinions and results of major 
surger}’^ in cases of hemophilia yields conflicting data. It is apparent that a 
wide discrepancy exists in the minds of the various authors as to the efficacy 
of surgery in acute emergencies, varying from almost complete lack of restraint 
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in regard to operability to a feeling that no operation should be considered 
under any circumstances. Because of lack of unanimity of opinion as to the 
best course to follow in hemophiliacs who develop acute surgical conditions, a 
thorough search of the literature has been made with the hope that definite 
conclusions might be reached. 

It is unfortunate that in many instances sufficient evidence is not presented 
by the particular author to allow an unequivocal diagnosis of hemophilia to be 
made. In view of the necessity of accurate diagnosis in attempting to formulate 
an opinion as to the advisability of surgery in hemophilia, we have eliminated 
from the analysis those reports in which there is any doubt of the specific 
nature of the hemorrhagic diathesis. The criteria established for the diagnosis 
of hemophilia are clear cut. These will be discussed further together with the 
reasons for exclusion of questionable cases. Those reports in which the 
diagnosis of hemophilia was unquestionable and those cases in which operative 
intervention for some associated disease was carried out will be reviewed in 
some detail. 

In 1931 Emile-WeiF presented the results of surgical treatment of various 
disorders in an extensive article. The most outstanding case v^as one in which 
a gastro-enterostomy was performed because of a bleeding prepyloric ulcer. 
The operation was successful, hemorrhage being controlled by transfusions. In 
this case the coagulation time was two hours ; clot retraction was good ; bleed- 
ing time was three to seven minutes. Family history and past history were 
dubious. It seems probable that this was a case of true hemophilia. Another 
case reported by the same author involved the operative removal of a gan- 
grenous appendix with recovery of the patient. This patient was five years 
of age ; the family history, past history, and the sex of the patient are not given. 
The clotting.time was 45 minutes ; the bleeding time, nine minutes. Insufficient 
data are given to establish the diagnosis beyond doubt in this instance, although 
the prolonged coagulation time is highly suggestive. 

The case of Blalock^ reported in 1931, and already mentioned, was undoubt- 
edly one of true hemophilia. However, here the application of local measures 
was possible; and although the procedure was major, it is not comparable to 
one accompanied by internal hemorrhage. 

Cioran® in 1935 reported a case of acute appendicitis in a soldier shown 
to have hemophilia after operation. Bleeding of more than the usual amount 
was noted during operation, and later it was found that the coagulation time 
was four hours. Platelet counts were normal. It was determined that a 
maternal grandfather had a questionable hemorrhagic history and had died at 
an early age. The patient’s past history revealed that he had had repeated 
nose bleeds and bruised easity during childhood. The patient was given two 
transfusions postoperatively without effect on the hemorrhage. However, 
intramuscular and intravenous injections of a substance called “Clauden” 
controlled the bleeding. This substance, “Clauden,” was said by the author 
to be thrombokinase (thromboplastin) and was an aqueous extract of lung 
tissue. The patient graduall)’ convalesced over a 35-day period. There is 
little doubt that this case was one of true hemophilia. It is rather startling 
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that hemorrhage should have been controlled by intravenous injections of 
thromboplastin, a procedure which has been shown in animals to be accom- 
panied by intravascular thrombosis and death if given in large amounts. 

Friedrich'^ in 1935 published an extensive article on the risk of operation 
in hemophilia. He cited several cases of his own and reviewed the literature, 
and arrived at some very definite conclusions. However, he made no attempt 
to present data supporting the diagnosis of hemophilia in these cases. He 
estimated the overall mortality of all major surgical procedures in hemophiliacs 
at 35 per cent. He felt operation in cases of appendicitis contraindicated 
except in the event of peritonitis, and cited two appendectomies which termi- 
nated fatally. He felt that the risk of hemorrhage following surgical interven- 
tion in appendicitis was greater than the risk of infection with conservative 
treatment (and this at a time before antibiotics and sulfonamides were avail- 
able for clinical use.) He also found reports of six cases of retroperitoneal 
hematomata which were incorrectly diagnosed as acute abdominal emergencies, 
and were operated upon with uniformly fatal results. His opinion was that 
abdominal surgery should not be undertaken unless it was evident that death 
would ensue if surgical measures were not taken to alter the course. He 
pointed out that only in those cases where local measures could be applied 
was the prognosis favorable following surgery. 

Mertz and Meiks® in 1938 reported a hemophiliac in whom nephrectomy 
was necessary because of a severe left hydronephrosis’ with infection. The 
diagnosis in this case was adequately established, and treatment was thorough 
and according to the accepted principles. This report will be quoted in some 
detail because of the striking similarity between the course of their patient 
and that of the case included in this paper. The patient was carefully studied 
and prepared preoperatively by means of sensitization to sheep serum and 
transfusion. The clotting time was brought down from 120 minutes to five 
and a half minutes prior to operation. Especial care was taken by the surgeons 
to obtain complete hemostasis, and no unusual bleeding was apparent at 
operation. Postoperatively, the patient’s clotting time was six minutes and was 
kept down to low levels by repeated transfusions. There were no signs of 
bleeding for three days, and the patient appeared to be recovering. The drain 
which had been placed at operation was removed. However, the patient began 
to run a fever as high as 104.4.° On the fourth postoperative day, it was 
thought that free abdominal fluid had collected. The signs of this became 
more definite later; the intra-abdominal hemorrhage progressed in spite of 
repeated transfusions, and the patient died on the twelfth postoperative day 
due to hemorrhage and streptococcal septicemia. Autopsy showed a large 
hematoma at the site of the removed kidney with no evidence of bleeding 
from a major vessel but merely a slow ooze from the renal bed. The authors 
emphasized the fact that bleeding continued despite repeated transfusions and 
a clotting time at the lower limits of normal. 

Vance” in 1939 reported four cases of surgical conditions in male patients 
with abnormal bleeding. One underwent a radical mastectomy because of 
carcinoma. He experienced some bleeding postoperatively which gradually 
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stopped without the necessity of transfusion. The clotting time in this patient 
was 1 6 minutes ; family history and past history negative. The second patient 
had acute appendicitis. The clotting time in this case was only six minutes 
(method not given) and yet the diagnosis of hemophilia was made. Postoper- 
atively the patient did well for five days but then bled continuously .into the 
abdomen, in spite of blood transfusions, and died on the ninth postoperative 
day. The third case was one of acute appendicitis with a history very sugges- 
tive of hemophilia and a coagulation time of i8 minutes. Family history 
showed that a brother also had a hemorrhagic tendency. He was treated 
conservatively, with appendiceal rupture and subsequent localized peritonitis. 
The patient apparently bled considerably per rectum in spite of repeated 
transfusions and continued to do so for two weeks. Following this he rapidly 
improved. The fourth case was a brother of the above patient who also 
developed appendicitis. He was treated in the same manner as the previous 
case and died at the end of eight days. It is probable that these last two patients 
with appendicitis were true hemophiliacs. In respect to the first two patients, 
however, the diagnosis, if made on the basis of the data presented, is less 
certain. 

Birch^ in her monograph mentions one case of acute appendicitis in a true 
hemophiliac. Although the details of this case and the operation are not given, 
apparently the patient recovered from the operation but died one week later 
from postoperative pneumonia with hemorrhage from the lungs. It is doubtful 
that this case can be justly classified as an operative success. 

A German military surgeon, Karitzky,^® reported the treatment and course 
of a hemophiliac who had received severe combat wounds in October, 1939. 
There could be no doubt of the accuracy of the diagnosis in this case, the past 
history, family history and laboratory findings being classical of hemophilia. 
This marine had been injured by the explosion of a mine under his ship, steel 
splinters entering the left neck and hip regions. The steel fragment entering 
the hip region had penetrated, leaving a large wound of exit in the gluteal 
region near the anus. Hemorrhage was intense, and the patient lapsed into 
shock. Debridement was carried out, the fragment removed from the neck with 
closure ; and the gluteal wound was packed with iodoform gauze. The cervical 
wound healed normally. On the fifth day after injury, the patient began to lose 
large amounts of blood from the gluteal wound. He continued to bleed for 
24 days and became dangerously anemic in spite of repeated transfusions and 
injections intramuscularly of substances such as Redoxon, Koagulen, Gelatine, 
Clauden, etc. A putrid wound infection developed. Massive transfusions and 
pressure dressings finally controlled the bleeding to a large degree, but oozing 
from stitch wounds and needle punctures continued for some time. The patient 
finally recovered. This example of protracted uncontrollable hemorrhage from 
a wound which was amenable to local measures in a hemophiliac treated inten- 
sively with blood transfusions again demonstrates the serious difficulties which 
may be encountered in bringing about hemostasis. However, the fact that no 
internal operative procedures were performed in this case removes it from that 
t3'pe of operative intervention with which we are concerned. 
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In addition to those reports reviewed, there have been numerous others of 
major surgery performed in patients suffering from some hemorrhagic 
diathesis. The nature of the surgical condition, the results of surgery, and the 
data upon which the diagnosis of hemophilia was made are presented in Tables 
2 and 3. It was our opinion that insufficient information was presented by the 
authors for the diagnosis of true hemophilia in these instances. The criteria 
necessary for the diagnosis of this particular hemorrhagic diathesis and the 
reasons for excluding these cases will be discussed in more detail later. 

PRESENTATION OF A CASE 

E W , a 27-year-old single white male, was admitted to Strong Memorial Hospital 
October 4, 1947 He had been awakened the previous morning by a crampy epigastric 
pain which was followed bj^ nausea and vomiting. The pain persisted after he had 
vomited, was generalized throughout the abdomen but was slightly more pronounced 
in the right lower quadrant. He had taken a dose of cascara which he had promptly 
vomited In spite of a small but normal bowel movement that day, his pain became 
steadily worse. On the morning of admission the pain was localized in the right lower 
quadrant, was constant and rather dull and aching m character. He had felt feverish but 
had no other complaints. 

Past History The patient had been seen in this hospital in 1927 at the age of seven 
with a history of having bled profusely and bruised easily since early childhood The 
coagulation time of whole blood was found to be 4 hours, and a diagnosis of hemophilia 
was made at that time He had had numerous hospital admissions and clinic visits from 
that time forth because of hemoarthrosis, hematuria, and hemorrhage from the gums 
He was intensively stvidied in 1940 and again in 1945, and had received extensive 
orthopedic care. As a result of the use of fresh plasma and whole blood and of careful 
orthopedic management, he had been able to work fairly regularly and to walk during 
much of this time. He had been free of bleeding during these periods of therapy for as 
long as one year. Fresh whole blood or plasma always lowered the coagulation time In 
spite of 6 whole blood transfusions and 100 plasma transfusions from 1927 to the present 
time, no refractory state ever developed A detailed summary of the laboratory findings 
is found in Table I 


Table I 


1927 

1939 

1940 

1941 

1945 

Coagulation time 

40' 

30' 

70' 

85' 

36'-72' 

Clot retraction 

good 

good 

good 

good 

good 

Bleeding time 

3 25' 

1 5' 




Prothrombin concentration 






(% normal) 


normal 



80 per cent 

Calcium 


10 mg 



10 4 mg 



per cent 



per cent 

Fibrinogen. . 

. 




0 2 Gm. 






per cent 

Vitamin C. 


. . 



76 mg 






per cent 

Platelets 

250.000 

normal 

norma] 

normal 

normal 



no 

no 

no 

no 


Family Histoiy revealed that a maternal gieat-uncle had “bled to death,” but no 
other important family history could be obtained This is shown in Figure I. 
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Physical Examination: revealed a moderately well developed, somewhat dehydrated 
27.year-old white male in moderate distress. There was a fine macular rash over the 
anterior chest, and there were ecchymotic areas over the left hand.^ His temperatoe was 
101.3° F- The blood pressure and pulse were normal. The pertinent physical findings 

were limited to the abdomen and the extremities. _ 

The abdomen was slightly distended, tender in the epigastrium and more so m the 
right lower quadrant where there was also spasm and rebound- tenderness. There was 
bilateral rectal tenderness, more marked on the right. Both ankles and both knees showe 

old joint deformities. _ 

The white blood count was 14,200 per mm .3 at the time of admission. Ihe urine 

was negative except for a strong acetone reaction. In view of this jiatient s known 
hemophilia, it was decided to employ 
conservative measures even though it was 
felt that he had acute appendicitis. Ac- 
cordingly he was given penicillin 100,000 
units intramuscularly every three hours, 
was hydrated, and given 5 grams of 
sodium sulfadiazine in 1000 cc. of saline 
intravenously. It was decided to reduce 
the coagulation time, which was found to 
be 60 minutes. Four-tenths Gm. of Frac- 
tion I of Cohn (“Antihemophilic globu- 
lin”) and 100 cc. of freshly prepared 
plasma were administered intravenously. 

The coagulation time was 1 1 minutes 
when observed 20 minutes after this treat- 
ment and was iS minutes 4 hours later. 

After a period of observation of 10 
hours, during which the leukocytosis, the 
fever and the symptoms increased, it was 
decided to operate. This decision was 
reached after much deliberation and in 
view of the normal coagulation time, al- 
though it was felt that there was consid- 
erable risk involved in the procedure. 

Operative Note. Under ether anes- 
thesia, the abdomen was opened through a 
small McBurney incision. No unusual bleeding was encountered. The peritoneal cavity con- 
tained a small quantity of cloudy fluid which on culture was found to contain E. Coli. 
The cecum w'as delivered into the wound without difficulty. The appendix lay in a 
retrocecal position with its tip beneath the ileocecal valve and surrounded by fairly dense 
adhesions. These adhesions were broken up by blunt dissection, but the tip of the appendix 
could not be mobilized. A small Weir extension was made for better exposure, in spite 
of which the appendix could not be delivered. It was thought unwise to mobilize the 
cecum by incising its lateral attachments because of the danger of hemorrhage. For this 
reason the appendix was removed in a retrograde fashion partly by blunt dissection. Its 
wall was necrotic at the site of two fccoliths near its mid-portion. The stump was ligated 
with a surgeon’s knot of 000 silk and inverted beneath two purse string sutures. There 
was a moderate ooze from the appendiceal bed which could not be visualized. It did not 
appear to be dangerous in quantitj’ and was not felt to be arising from any sizable vessel. 
It was satisfactorily controlled with a pack of geUoam. Drainage was discussed but not 
carried out. The abdominal wall was closed in layers with silk, taking great pains to 
ligate or cauterize the smallest bleeding points. In spite of this care, there was minimal 
ooze from the subcutaneous tissue. 



KEY! cT normal male 

$ NORMAL FEMALE 
5 CARRIER FEMALE 
y HEMOPHILIAC 


Fig. t. — Graphic representation of patient’s 
family history. 
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The patient’s condition was good at the dose oi the procedure. Pathologic exam- 
ination of the specimen confirmed the clinical diagnosis of acute appendicitis. 

During the operation the patient received Soo cc. of fresh compatible whole blood, 
and one hour later he was given 0.2 Gm. of Cohn Fraction I and another 500 cc. of fresh 
compatible whole blood. He was placed on Wangensteen suction. Careful check was 
kept of the coagulation time (the Lee-White method, performed at 37 . 5 ° C, and by the 
same person as often as possible) and the plasma and whole blood specific gravity. 
These, in addition to the antihemophilic therapy, are summarized in Figure 2. At no 
time could a circulating anticoagulant be demonstrated similar to that described by 
Craddock and Lawrence.^® 



Fig. 2. — Course of patient in hospital showing amounts of antihemorrhagic treatment, 
response of coagulation time, and degree of serum protein, and hemoglobin deficiency. 


Penicillin was continued, but because of the presence of albuminuria and microscopic 
hematuria, sulfadiazine was discontinued. A conscientious attempt was made to maintain 
a normal fluid and electrolyte balance. 

In spite of the fact that the coagulation time was kept almost entirely within normal 
limits, the patient continued to lose blood into his peritoneal cavity and into his abdominal 
incision. His abdomen became distended to the point where he had severe respiratory 
embarrassment, and on the fourth postoperative day it became necessary to perform an 
abdominal paracentesis, 600 cc. of bloody, incoagulable fluid being removed. The patient 
experienced some relief, but later in the day he was again severely dyspneic; and there 
were signs of atelectasis. The abdominal wound was partially opened under sterile pre- 
cautions and 600 cc. of fluid, defibrinated blood removed, this later proving to have 
been extraperitoneal. 

On the evening of the fourth postoperative day, the patient’s respiratory embarrass- 
ment became extreme; there were signs of bilateral pleural effusion, and thoracentesis 
was performed. After 150 cc. of bloody fluid had been withdrawn, the patiept’s respira- 
tions ceased. Artificial respiration and intravenous coramine were of no avail, and the 
patient expired. 
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Post mortem Examination: revealed pulmonary edema, bilateral hemothorax, a large 
blood clot in the appendiceal bed extending along the right peritoneal gutter from the 
pelvis to the liver. There was no evidence that the bleeding had come from any large 
bleeding point. There was also a tremendous hematoma at the site of the abdominal 
wound, not communicating with the peritoneal cavity. 

DISCUSSION 

In reviewing the literature on this subject, we have attempted to analyze 
critically each report in order to determine which cases represented operation 
in true hemophilia. The criteria selected by us for the establishment of the 
diagnosis of hemophilia in the individual cases reviewed are the following 
(see Table II.) (i) Laboratory findings showing definite prolongation of the 
clotting time as the only abnormal test of those routinely performed pertaining 
to the hemostatic mechanism. (2) Positive family history (although occur- 
rence of sporadic spontaneous cases is occasionally found.) (3) A past history 
typical of that exhibited by the majority of hemophiliacs. (4) Occurrence 
in a male. These criteria are taken because the majority of the reports do not 
include detailed clinical and laboratory data in regard to the question of hemo- 
philia. Attempt has been made to weigh the facts given in each instance and 
determine whether or not they permit the diagnosis of hemophilia. 

It is recognized that there is great variation in the technic and results 
obtained in tests performed in regard to the clotting mechanism. Nevertheless, 
the one laboratory abnormality necessary for the diagnosis of hemophilia (in 
the untreated case) is a prolonged clotting time of the blood. In most instances 
the technic used for this test was not stated, but unless a definite prolongation 
over the stated limits considered normal by the author is recorded, the labo- 
ratory data cannot be regarded as diagnostic unless accompanied by other 
tests supporting the contention. In true hemophilia all the other tests routinely 
performed pertaining to coagulation time are normal {i.e., prothrombin time, 
bleeding time, tourniquet test, platelet count, and clot retraction, and deter- 
minations of calcium and fibrinogen concentrations.) 

In those cases reported, if the laboratory data are of questionable 
significance, the other criteria are studied. If there is a definite positive 
family history, that is, reliable evidence of hemorrhagic disease in male 
members of previous generations on the maternal side, then this is considered 
to support the diagnosis of hemophilia in the face of positive or suggestive 
laboratory data. Here again in many reports, the family history was either 
not mentioned or else was not elucidated in questionable instances. It is 
recognized that sporadic cases occur in whom no family histor}’^ is detectable 
no matter how far back it is investigated. For this reason a negative family 
history does not exclude the diagnosis, but a positive one is good supportive 
evidence. In regard to the criterion of past history in the particular cases 
reviewed, it is felt that most hemophiliacs present stories of previous hemor- 
rhagic phenomena which are fairly typical of the disease. Such occurrences 
in the past history as repeated hemarthrosis, subcutaneous bleeding after 
slight trauma, spontaneous bleeding per rectum or hematuria without the 
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presence of pathologic lesions, and prolonged bleeding from minor cuts are 
usually cited by the hemophiliac. The absence of such a past history by no 
means excludes the diagnosis, but its presence lends support in questionable 
cases. However, such symptoms can occur in other hemorrhagic diseases, 
and for this reason a positive past histor)’’ alone cannot be used as the sole 
criterion for the diagnosis. The sex of the patient was not given in all reports. 
As far as is known at present, hemophilia occurs only in males. This has not 
always been accepted as true in the past. Therefore, in the older reports 
unless the sex is definitel}'’ stated or inferred, doubt is cast on the validity of 
the diagnosis of hemophilia. 

ANALYSIS OF REPORTED CASES OF MAJOR SURGERY IN HEMOPHILIA 

As shown in Table II extensive surgical procedures have been successful 
in areas where local measures could be applied to control blood loss. However, 
in regard to abdominal surgery, the chances for a satisfactory outcome are 
much less. If one accepts all cases reported as being true hemophiliacs, it 
would appear that the risks of major operation are not more extreme than 
would be indicated in the past. 

Thus, of 15 major operations performed in areas of the anatomy where 
the application of pressure and local hemostatic agents was not possible, there 
were ii recoveries and four deaths, or a mortality of 26.7 per cent. This 
mortality is close to that estimated by Friedrich for operations of this type 
in hemophilia. The percentage of recoveries is higher than might be antici- 
pated. Indeed, from analysis of the cases, excluding those not proven to be 
true hemophilia, it is evident that the percentage is less optimistic. Of the 
1 5 cases reported, there are only four which, on the basis of the facts presented, 
fulfill the criteria needed for the unequivocal diagnosis of hemophilia. Of 
these four, there were two fatalities which gives a mortality of 50 per cent. 
If our case is included, the mortality is raised to 60 per cent. All of these fatal 
cases received adequate treatment with transfusions. It would seem, there- 
fore, that major surgery in cases of hemophilia of the type where local 
hemostatic measures cannot be utilized is accompanied by an expected mortal- 
ity rate which is much greater than that which is usually indicated by the 
literature on this subject. 

In regard to treatment of acute appendicitis per se in cases of hemophilia, 
the literature reviewed by us discloses 1 1 reports. Eight of these were operated 
upon and three treated conservatively. Of the eight receiving operative 
treatment, there were six recoveries and two deaths, or a mortality of iS per 
cent. However, among the eight undergoing appendectomy, there were only 
two who fulfilled the criteria needed for the unequivocal diagnosis of hemo- 
philia. Of these two, one died, and one recovered, thus giving a mortality of 5° 
per cent following operation. Our case would raise the mortalit)^ to 66.6 
per cent. 

On the other hand, there were three cases of true hemophilia with appen- 
dicitis treated conservatively. Two of these were definite instances of acute 
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.\pj)t‘niiicitH Tliis report Appendectomy Death + + 4- c? Yes 

* I’aticnt Mirvived operation one week, but died with postoperative hemorrhagic pneumonia. 

Symbols; + ^Positive findings. — =Negative Findings. ± = Questionable or inadequate findings. O =Data not given. 
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appendicitis. The other patient, that of Platon^® was felt at first to have 
appendicitis with intestinal obstruction. The latter disappeared after Wangen- 
steen suction was instituted, and the patient recovered. The authors later felt 
that this patient probably did not haA^e acute appendicitis but rather a hemor- 
rhage into the submucosal area of the small intestine. Therefore, the total 
number of cases of appendicitis in hemophiliacs reviewed by us who received 
nonoperative treatment is two, -with one death. 


Table III . — Results of Treatment of Appendicitis in Hemophilia. 


Author 

Type of 
Treatment 

Criteria of Diagnosis of Hemophilia 
Laboratory Family Past 

Outcome Data History History Sex 

Positive 

Diagnosis 

Hemophilia 

Hipsley'^ 

Appendectomy 

Recovery 

0 


4 " 

cT 


Emile-WeiP 

Appendectomy 

Recovery 

+ 

0 

0 

0 


Haysu 

Appendectomy 

Recovery 

— 

0 

0 

o' 


Vance* 

Appendectomy 

Death 

± 

0 

0 

cf 


Cioran® 

Appendectomy 

Recovery 

+ 

+ 

— 

d' 

Yes 

Birch' 

Appendectomy 

Death* 

+ 

4 - 

4 * 

o' 

Yes 

Prima'® 

Appendectomy 

Recovery 

0 

0 

0 

o' 


raz'S 

Appendectomy 

Recover / 

0 

— 

4 “ 

o' 


This report 

Appendectomy 

Death 

■f 

4 - 

4 " 

o' 

Yes 

Vance* 

Non-operative 

Recovery 


+ 

4 ~ 

d 

Yes 

Vance* 

• Non-operative 

Death 

± 

+ 

0 

d 

Yes 

Platon** 

Non-operative 

Recovery** 

4 - 

4 " 

4 " 

c? 

Yes 


* Patient survived operation one week but died with postoperative hemorriiagic pneumonia. 
** The d iagnosis of appendicitis was not felt to be definitely established by the author. 
Symbols; -f “Positive findings. 

— “Negative findings. 

± “Cuestionable or inadequate findings. 

O “Data not given. 


The small number of reported cases of acute appendicitis in hemophiliacs 
treated by either operative or nonoperative means does not allow any valid 
comparison of expected results. Nevertheless, it is obvious that the dangers 
of uncontrollable fatal hemorrhage following internal operative intervention 
multiply many times the operative risk. Most statistics on the subject place 
the present mortality rate following acute appendicitis with rupture and 
peritonitis at 10-15 per cent in otherwise normal individuals.^^’^^ It is not 
known how much the presence of hemophilia would increase the dangers of peri- 
tonitis of appendiceal origin. Certainly there is no good evidence to suggest that 
hemophiliacs cannot handle infectious processes as well as normal individuals. 
From our review of the literature, we believe the mortality rate following 
appendectomy in hemophiliacs is around 50 to 60 per cent. It is probable that 
the chances of death due to postoperative hemorrhage outweigh the expected 
mortality associated with the nonoperative treatment of appendiceal rupture 
and peritonitis. 

The hemophiliac presented by us had been followed in this hospital since 
the onset of his hemorrhagic difficulties and had been the subject of extensive 
investigative and therapeutic procedures. It was well known that he obtained 
marked benefit from plasma injections, and he had been kept entirely free of 
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hemorrhagic phenomena for long periods of time without ever showing 
evidence of becoming refractory. As shown in the case report, when he was 
given blood, his clotting time fell rapidly to normal. He was of the optimal 
age group for surgery and possessed the physical stamina to withstand such a 
procedure. It was our hope that if operation were necessary, the coagulation 
mechanism could be augmented by transfusion or injections of fresh plasma or 
Fraction I of Cohn to such an extent that severe hemorrhage could be 
controlled. 

The persistence of hemorrhage in this patient in spite of a normal coag- 
ulation time demands further comment and brings to mind several consider- 
ations in regard to the present concept of the fundamental defect in hemophilia. 
It is the belief of many investigators in this field at the present time that the 
underlying abnormality in hemophilic blood is a deficiency or lack of a plasma 
factor necessary for coagulation to take place in the normal span of time. This 
factor has been shown, by numerous worker s,^'^*^" to be present in normal 
blood but deficient in hemophilic blood, HowelF~ worked extensively with this 
factor which he called “plasma thromboplastin.” Quick^® feels, as did Howell, 
that this factor represents an inactive form of thromboplastin which is normally 
present in the blood and is activated by an enzyme released from platelets 
when coagulation begins. The factor has more recently become available in 
purer form and in greater amounts through the fractionation of plasma by 
Cohn and co-workers at Harvard. The active principle is contained in 
greatest concentration in Fraction I and Fraction III, subfraction 2 of Cohn’s 
classification. It has been termed "antihemophilic globulin” by Lewis, Tagnon, 
et alP and has been investigated extensively by these and other workers. 

There is no question that "antihemophilic globulin” in very small amounts 
has a beneficial effect on the clotting mechanism of hemophiliacs. This effect 
is demonstrated by the sharp fall in coagulation time to normal values within 
a very short time after it has been injected intravenously. However, its effect 
IS no greater and of no more permanency than the beneficial response elicited 
by whole blood or plasma. This is as might be anticipated since each type of 
treatment merely supplies a factor which is deficient in hemophilic blood. This 
factor, necessary for coagulation to occur in the normal span of time, is appar- 
ently used up over a period of 12 to 48 hours, so that at the end of this time, 
the deficiency again exists ; and the coagulation time again becomes prolonged. 

The fact that the deficiency of "antihemophilic globulin” was erased by the 
concerted treatment given this patient is borne out by the shortening of the 
coagulation times to normal levels. The continuation of hemorrhage, even in 
the face of the normal coagulation time of the blood, forces one to the conclu- 
sion that the mere deficiency of the substance "antihemophilic globulin” 
cannot be the sole abnormality of coagulation in hemophilia. There are other, 
perhaps more subtle changes from normal in the coagulation mechanism which 
cannot be measured by the tests of blood coagulability routinely used. It is 
well to remember, therefore, that the actual time consumed by clot formation 
m the test tube is by no means an accurate measure of the ability of the 
hemostatic mechanisms to control blood loss, 
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Other recent investigations into the clotting mechanism have made it highty 
suggestive that the present concept is incomplete. Attempt will not be made to 
review these advances, but it is becoming apparent that there are factors con- 
cei'ned in the first stage of clotting that heretofore have not been appreciated. 
Thus Ware ct al:^^ believe an activator globulin (AC globulin) is necessar}^ for 
prothrombin activation; Milstone"^ postulates a prothrombokinase which is 
activated in the presence of calcium ions to thrombokinase (thromboplastin) 
and which in turn activates prothrombin ; Owren-'^- reports a principle desig- 
nated as Factor V which is essential for rapid prothrombin conversion to 
thrombin, and Quick^^ has designated two components of prothrombin (A and 
B) as well as a “labile factor” which is also necessarj'^ for coagulation to occur 
in the normal time. It is probable that these various factors are closely 
related, if not the same. It is not known where these factors fit into the present 
formula of clotting; there is little doubt that the speed of prothrombin con- 
version and hence the speed of clotting is greatly influenced b}' their presence. 
These im^estigations as well as others such as those of Ferguson^"* indicate the 
existing confusion and inadequacy of knowledge concerning blood coagulation. 
The importance of these advances in regard to the treatment of hemophilia 
are unknown at present. Certainl)'- this case would indicate that a mere 
deficiency of “antihemophilic globulin” does not explain the blood loss in all 
cases. It is likely that the normal fresh blood given to this patient in large 
quantities contained an adequate amount of all the factors described by 
various authors as necessar}' for coagulation. It is evident that whatever the 
defect may be which causes hemorrhage in hemophilia, it cannot always be 
corrected, even temporarily, by supplying the patient with those factors con- 
cerned with clotting as they exist in normal blood. 

The main points to be emphasized with regard to this case are the follow- 
ing: First, and most important, the coagulation time of the blood cannot be 
taken as a measure of the adequacy of the hemostatic mechanism in the hemo- 
philic patient. Howell-” has stated, “at present the one pathologic condition in 
hemophilia that is definitely established and that is directly connected with the 
hemorrhage is the prolonged clotting time of blood. Those who have had the 
widest experience with hemophilic patients believe the severity of the disease 
is in general proportional to the delay in coagulation.” This feeling has been 
almost generally accepted in regard to the disease. The main object of all 
therapy up to the present time has been to lower the coagulation time of the 
blood. This patient demonstrates clearly that coagulation time alone can be 
used neither as the sole measure of the severity of the hemorrhagic tendency 
nor as a test of the response of the hemophiliac to treatment. There can be 
no doubt that the coagulation time of this patient’s blood was usually main- 
tained within limits which are considered normal, and yet hemorrhage con- 
tinued with loss of the blood as rapidty as it was replaced. 

The second point to be emphasized is the difficulty in choosing a case for 
operation. By all the accepted standards this hemophiliac met most of the 
'■equirements for operability, as well as any patient suffering from this disease 
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could meet them. And yet death resulted in spite of most intensive anti- 
hemorrhagic treatment. 

The third point to be stressed is the infinite difference between controlling 
postoperative hemorrhage from areas that are exposed and amenable to local 
measures and controlling hemorrhage from internal areas. It is our feeling 
that if the site of bleeding cannot be treated with pressure, application of 
hemostatic substances, and other local measures, then the chances of recovery 
from surgery are poor. 

In view of the unfortunate results of surgery in this case and the uncon- 
vincing reports of the efficacy of major surgery in hemophiliacs as gathered 
from the literature, it is our belief that conservative medical treatment is the 
course of choice in these cases unless it becomes clearly evident that death will 
ensue if surgery is not undertaken. The dangers of uncontrollable hemorrhage 
following surgery outweigh the dangers of generalized peritonitis and sub- 
sequent fatal infection, especially with the modes of controlling infection now 
at hand. The only existing well established means of combating hemorrhage 
in these cases is to give the patient fresh whole blood transfusions, injections 
of fresh or lyophile plasma, or the substance known as ‘^antihemophilic glob- 
ulin” as contained in Fraction I of Cohn. Each of these three forms of therapy 
accomplishes the same end. Each supplies the hemophiliac with a deficient 
substance necessary for coagulation to take place in the normal span of time. 
When the hemophiliac is given this substance by any of the means describe'd, 
the coagulation time of the blood is reduced to normal. And yet, as demon- 
strated by this case, correction of this deficiency with a concomitant reduc- 
tion in the clotting time to normal does not always promote hemostasis. This 
lack of response on the part of the hemophiliac’s clotting mechanism to present 
modes of therapy in all instances further increases the dangers associated with 
any type of major surgical procedure undertaken in patients with this disease. 

SUMMARY AND CONCLUSIONS 

I. A review of the available medical literature reveals that the reported 
instances of internal operative procedures in patients with hemophilia require 
careful analysis. Many of the cases are accompanied by data that are inade- 
quate for the diagnosis of this hemorrhagic diathesis. 

^ 2. The mortality following internal surgery in established cases of hemo- 
philia is relatively high. Of four previously reported cases in whom the diag- 
nosis of hemophilia was unequivocal, two died from hemorrhage following 
operation while two recovered. The other eleven reports of internal surgical 
piocedures in patients with bleeding tendencies were excluded from this 
analysis because of inadequate basis for the diagnosis of hemophilia. If these 
were included, the total number of recoveries following operation would be 
eleven with only four deaths, or a mortality rate of 26.7 per cent, a figure we 
believe to be erroneously low. 

3' A case of unequivocal hemophilia is presented with the complication of 
acute appendicitis. The patient received intensive antihemorrhagic therapy, 
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but despite a normal clotting time he continued to bleed profusely and expired 
four days postoperatively. 

4. A discussion of the significance of continued hemorrhage in the presence 
of a normal in vitro clotting time and of its relation to the, fundamental defect 
in hemophilia is presented. Emphasis is placed on the failure of the coagulation 
time to indicate the severity of the hemorrhagic tendency or the degree of 
response to treatment, the difficulty in choosing a suitable case for operation, 
and the great difference in controlling internal hemorrhage as opposed to 
bleeding from an external site. 
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REDUCTION OF INTUSSUSCEPTION BY BARIUM ENEMA* 

A CLINICAL AND EXPERIMENTAL STUDY 
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FROM THE DEPARTMENT OF SURGERY AND THE SURGICAL HUNTERIAN LABORATORY 
OF THE JOHNS HOPKINS UNIVERSITY AND HOSPITAL, BALTIMORE, MARYLAND 

In 1836 THERE APPEARED ill the American Journal of the Medical Sciences 
an account^ of “A Case of Introsusception in Which an Operation Was 
Successfully Resorted to by John R. W. Wilson, M.D., of Rutherford County, 
Tennessee in December, 1831.” The author concluded, “His recovery was 
rapid and entire. . . . The success of this case in which the operation was so 
long deferred, and at last performed under such unfavorable circumstances, 
warrants the propriety of resorting to it in the disease, and proves that relief 
may occasionally be afforded by this means when all others have failed.” 

Seventy-five years later, in 1906, operation was still so uncertain and 
dangerous that Harvey Cushing, as a house officer, wrote a note in the history 
of a child with intussusception, stating that operation was postponed with the 
hope that sphacelation might take place and the sphacelus be passed entire 
per rectum. As far back as 1784 Nuck^ had diagnosed intussusception in a 
man of 50 years who was successfully operated upon by an unnamed surgeon. 
In 1825 Fuchsius^ operated successfully for intussusception in a man of 68. 
Wilson’s is the third successful instance in the literature and the first in this 
country. A few other operative cases, all fatal, had been reported by 1871 
when Jonathan Hutchinson^ performed the first successful operation for 
intussusception in a child, a baby of two years. Until this time the disease had 
been treated either expectantly, waiting for gangrene or sphacelation of the 
intussusception, or by rectal instillations. With this background Hirschsprung^ 
of Copenhagen in 1876 reported his experiences with the treatment of intus- 
susception by hydrostatic pressure. This method is older than any operative 
one. Hippocrates advised forced injection of water or air into the intestines 
in all forms of ileus, and several authors in the early nineteenth century advised 
and used clysters successfully. Others used bellows, or connected hydrogen 
sulfide generators with the rectum, or inserted effervescent powders. Still 
others passed long bougies to perform a direct reduction, or stimulated the 
intussusceptum with electricity, or tried to shrink it with cold water or hyper- 
tonic saline solution. By 1905° Hirschsprung was able to report on 107 
personal cases of intussusception. His results were so superior to those pre- 
viously reported that his contemporaries doubted his conclusions. He was 
forced, in self-defense, to publish a table listing each of his 107 cases. He pre- 
sented a 35 per cent mortality in a disease which up to that time was fatal in 
almost 90 per cent of the cases. In 84 patients treated by Hirschsprung with 
* Submitted for publication May, 1948. 
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enema alone, the mortality was 23 per cent. These figures compare favorably 
with those from the Johns Hopkins Hospital in the period from 1929 to 1938,, 
more than 25 years after Hirschsprung. 

Our interest in intussusception was aroused in 1933 by the paper of Dr. E. 
H. Miller'^' of Chicago who described his own poor results (45 per cent 
mortality in 20 cases) and referred to the remarkable results of Hipsley in 
Australia with reduction of intussusception by hydrostatic pressure. The 
method of reduction by hydrostatic pressure was systematized by the Danish 
school, Hirschsprung*'* and his successors, Kock and Oerum,® and Monrad.^ 
All of these also practiced, to varying degrees, manual disinvagination of the 
intussusception through the intact abdominal wall. In 1913 the first report of 
intussusception diagnosed by roentgenography was made by Lehmann. In 
1927 Tallin and Olsson^^ in Sweden, Retan^^ in the United States, and Pouli- 
quier^^ in France all reported reductions by barium enema under fluoroscopic 
control. The Australians continue to use simple saline enemas, but the use of 
the barium enema has gained great popularity in Scandinavia and South 
America. In this country, in England, and in Germany the use of hydrostatic 
pressure has never been accepted. It is a remarkable fact that surgeons, 
reporting in 1930 and 1940 a 20 and 30 per cent mortality for the treatment of 
intussusception, scorn the non-operative methods which had a lower mortality 
in 1890 and 1900 and which, in 1926, gave a mortality of as low as 5 per cent 
in 100 consecutive cases treated by Hipsley.^^ Hipsley, be it noted, took up the 
use of hydrostatic pressure to improve his mortality of 8 per cent with oper- 
ative treatment. One of Hipsley’s papers, published in 1935/*^ is of particular 
interest and should satisfy those who maintain with Ladd^® that the situation 
is different in Australia because there an entire generation of medical men 
has been intensely interested in intussusception through the work and teaching 
of Sir Charles Clubbe.^’^ Hipsley reported on this occasion 486 cases of intus- 
susception treated by 10 surgeons with a mortality of 1 1 per cent. Three of the 
10 surgeons always attempted a preliminary reduction by saline enema and had 
a mortality of 9.8 per cent. The other seven surgeons operated on all patients 
without injection and had a 14 per cent mortality. This is a significant differ- 
ence in a large series of patients treated in the same period of time at the 
same hospital. 

Table I tabulates the mortality from 10 American and British clinics, with 
figures running from 60 per cent to 8.3 per cent. The lower figures are all in 
recent 3’^ears, but mortalities of 40 and 50 per cent are common 20 and 30 years 
after Hirschsprung’s day. Table II, by contrast, shows the mortality in those 
clinics using hydrostatic pressure. There is a striking difference, the range 
being much lower with mortalities years ago of 5 per cent, 7 per cent, and 
9 per cent. Most of the fatal cases were also operated upon ; accordingly, it is to 
l)e expected that with modern operative and supportive methods even lower 
mortalities can be expected. It must also be remembered that mortality rates 
alone do not tell the story. The morbidity is many times higher in the oper- 
ative cases wound infections, distention, fever, postoperative intestinal ob- 
structions (sometimes several bouts in the same child over a period of years). 
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The hospital stay of the operative patient is much longer. The average hospital 
stay in our 27 patients treated primarily by enema was 9.2 days, as opposed 
to an average hospital stay of 32.4 days for 16 others treated during the same 
period primarily by operation. 


Table I. Mortality from intussusception treated primarily by operation. Note the rela- 
tively high mortality rates compared zvith those in Table II. 


Author 

Primary 

Method 

Period 

Number 
of Cases 

Per Cent 
Mortality 

Source 

Kahle 

Operation 

1904-1938 

ISO 

52 

New Orleans 



1928-1938 

59 

30. S 

(Charity) 

Perrin & Lindsay 

Operation 

1903-1920 

400 

34.8 

London 






(London Hospital) 



1915-1920 

113 

22.0 

London 

Close 

Operation 

1904-1927 

363 

31 

(Guy’s Hospital) 

Ladd & Gross 

Operation 

1908-1939 

484 

? 

Boston 



1908-1912 

? 

59 

(Children’s Hospital) 



1928-1932 

? 

14 




1939 

12 

0 


Peterson & Carter 

Operation 

1908-1932 

64 

30 

New Vork 



1922-1932 

21 

10 


Wakeley & Atkinson 

Operation 

1920-1929 

121 

10 

London 






(King’s College) 

Gordon 

Operation 

1917-1938 

44 

23 

New Haven (Vale) 

Miller 

Operation 

1934 

20 

45 

Chicago 

Gibbs 

Operation 

1927-1942 

91 

30 

Cincinnati General 



1937-1942 

36 

8.3 


Mayo & Woodruff 

Operation 

1941 

55 

23.6 

Mayo Clinic 


Table II. — Mortality from intussusception treated primarily by hydrostatic pressure. Note 
the lozsj mortality rates and the early dates at zvhich these zvere achieved. 


Author 

Primary Method 

Period 

Number 
of Cases 

Per Cent 
Mortality 

Source 

Hirschsprung 

Saline enema 

1871-1905 

100 

35 

Copenhagen 


Manual disinvagination 




Clubbe 

Enema or operation 

1901-1926 

834 

14.5 

Australia 

Hipsley 

Saline enema 

1926 

100 

5 

Australia (Sydney) 

Hipsley 

Saline enema 

1921-1934 

171 

9.8 



Operation 

1921-1934 

315 

14 

Australia (Sydney) 

Sjostrom 

Barium enema 

1927-1934 

38 

16 

Sweden (Lund) 

Hellmer 

Barium enema 

1933-1942 

no 

7.3 

Sweden (Lund) 

Nyborg 

Barium enema 

1930-1941 

108 

7 

Sweden (Lund) 


Barium enema 

1935-1941 

84 

5 



Table III records the mortality from intussusception at the Johns Hopkins 
Hospital since its opening. From 1893 to 1928, long after Hirschsprung’s 
death and after Clubbe’s report from Australia of 834 cases seen over 25 years 
with a mortality of 14.5 per cent, a line of surgeons at the Johns Hopkins 
Hospital, including Halsted, Cushing, Follis, Heuer and others, had a mortality 
of 44 per cent. The next group of surgeons in the period 1929 to 1938 lost 14 
out of 44 patients, a mortality of 32 per cent, and the last group, 1939 40 I947> 
lost 5 out of 48, a mortality of 10.4 per cent. Of these 48 patients, however, 27 
were treated primarily by enema with no deaths, and 21 primarily by oper- 
ation with five deaths or a 24 per cent mortality. It is only fair to note that 
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there has been some selection of cases in these two groups. Beginning in 1939 
the senior author has administered a barium enema to every patient with 
intussusception whom he has seen. However, some residents chose to do 
primary operations on the patients they judged to be the sickest, whereas 
others operated on all patients with intussusception. 

The barium technic is as follows; As soon as the presumptive diagnosis 
of intussusception is made, the child is taken to the fluoroscopic room. At the 
same time, if it is at night, the operating room is alerted. In the fluoroscopic 
room, without anesthesia, an unlubricated Foley bag catheter is inserted in the 
rectum. The bag is distended with 20 to 40 cc. of air according to the size of 
the patient, and barium is permitted to run in from a height of three feet. 
(Fig. 1.) It is important not to lubricate the catheter as it will then be more 
easily retained. In addition, it is essential for an assistant to squeeze the 
buttocks together throughout the procedure. The barium usually runs rapidly 

Table III. 

THE JOHNS HOPKINS HOSPITAL 

[mortality from intussusception! 


IS 93 ' 1928 

24/54 PATIENTS DIED - MORTALITY 44 % 
1929 - 19^ 

14/44 PATIENTS DIED - MORTALITY 32 % 
/939 ' I9‘f7 

21 OPERATIVE REDUCTIONS 
5 DIED - MORTALITY 24 % 

27 ENEMA REDUCTIONS - MORTALITY 0 

1939 ' 1947 

COMBINED MORTALITY 10 % 


to the intussusception, which it outlines, producing a concave meniscus. The 
ends of the meniscus extend proximally until suddenly the intussusceptum 
gives ground. The meniscus flattens out, then begins to deepen again, and 
so on. This may take place very quickly. An intussusception protruding from 
the anus was on one occasion reduced almost too quickly to be followed 
fiuoroscopically. At other times there is a stubborn hang at one level or 
another and then sudden progress. At times a bubble of air precedes the 
barium column and alters the fluoroscopic picture. The chief difflculty may be 
in deciding upon completeness of reduction at the cecum. By displacing the 
cecum laterally one may see barium well up in the small bowel, and in one of 
our youngest infants barium Avent up into the proximal jejunum. If complete 
reduction is not achieved, the child is permitted to expel the enema and the 
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Fig. 1 . — Barium enema of an intussusception which has reached the transverse colon. 

A. The barium column meets the intussusception and the head of the column shows 
a concave meniscus. 

B. The intussusceptum has been pushed to the hepatic flexure. The barium meniscus 
extends alongside the intussusceptum. 

C. The reduction has proceeded to the ascending colon. 

D. The cecum fills irregularly. A mass was still palpable. Through a McBurney 
incision an annular segment of ileum was pushed back through the ileocecal valve. 
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effort is repeated. If the third such injection is unsuccessful, operation is 
performed. After reduction the child is sent to the ward, powdered charcoal is 
instilled in the stomach and the administration of sulfasuxidine or oral strepto- 
mycin is begun as a prophylaxis against enteritis. Six hours later an enema is 
given to recover the charcoal. A successful reduction is denoted by the fol- 
lowing criteria; (i) The entrance of barium well into the small bowel. (2) 
At times the child returns the barium with feces or flatus, proof in acute 
intussusceptions that the obstruction has been relieved. (3) The mass is no 
longer palpable. (4) The child is clinically relieved, often falling off to sleep. 

Position of Intussusceptum 



_ Fig. 2. In three of the successful reductions by barium enema alone the 
intmsusceptum had reached the sigmoid, in one it had reached the rectum, 
and m another had prolapsed through the anus. All of those patients requir- 
ing operative completion of the reduction were found to have had their 
intussusception reduced to the cecum or ileocecal valve. 


(5) The subsequent recovery in the stool of charcoal given by mouth or the 
appearance of a blood-free stool is proof of reduction. Hipsley does not use 
fluoroscopy at all but depends upon the other criteria plus an additional one, 
namely, if sufficient fluid is injected, that which passes through the ileocecal 
valve will not be expelled for some time so that there is, after reduction, a 
persistent measurable increase in abdominal girth. 

In the present series 27 intussusceptions were treated primarily by barium 
enema. All 27 patients survived. Twenty had complete reduction by enema — 
79 per cent, which is somewhat higher than the figure usually reported. The 
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diagram (Fig. 2) shows the level which the apex of the intussusceptum had 
reached when reduction was attempted. It will be seen that complete reduction 
was secured in a number of patients whose intussusceptions were at the anus, 
rectum, or sigmoid. Five of the 20 patients whose intussusceptions were 
reduced by enema alone, were of special interest. In two we were not certain 
reduction was complete and a McBurney incision was resorted to for verifica- 
tion of the reduction. In one patient, as an experimental procedure, the 



Fig. 3- — Photomicrograph X30 of bowel resected two days after 
barium enema reduction of intussusception. Child had been having 
bloody stools after reduction. Thickened bowel was found, thought 
to be involved in a neoplastic process, and resected. Section shows 
some sloughing of the tips of villi, massive submucosal edema, sub- 
serosal edema, and hemorrhage. Similar changes are regularly seen 
in animals after reduction of viable bowel. 

abdomen was opened, the intussusception in the descending colon brought into 
view, and then a saline enema administered, reducing the intussusception under 
direct vision and without manipulation. We were astonished at the swiftness 
and gentleness of the reduction. A fourth patient had a recurrence two days 
later, after being symptom free and passing normal stools and the ingested 
charcoal. Another enema now reduced the intussusception to the cecum, and 
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exploration showed the appendix still intussuscepted. The appendix was 
loved and the patient recovered uneventfully. The fifth patient was 
Operated upon 48 hours after enema reduction because of persistent pain, 
Xody stool, anl a palpable right colon. We did not then know to hete 
symptoms are a not rare consequence of reduction by any method. p 

ator resected the terminal ileum and right colon for great thickening, thought 



Fig. 4. — Photomicrograph x6o. Section from annular segm^t of 
bowel removed at time of operative completion of reduction. The 
shows early changes of intussusception — loss of epithelium, lymphoid 
hyperplasia, round cell infiltration in mucosa, submucosal and serosal 
edema. The bowel was viable. 


to be due to tumor. As the photomicrograph (Fig. 3) shows, this was only t e 
edema and organizing hemorrhage which follow reduction. We have reporte 
elsewhere’^^ changes much more extreme in the viable bowel of dogs severa 
days after reduction of intussusceptions. It is worth remarking in connection 
with this patient that diarrhea and even dysentery are not rare occurrences 
after any type of reduction. Eighteen per cent of our total number of patients 
had diarrhea after reduction and of six patients who had stool cultures, t ree 
had pathogenic organisms. 
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The seven patients who required operation to complete reduction also 
survived. In every instance it was found at operation that the intussusception 
had been reduced to the cecum or ileocecal valve, in five patients from the left 
colon and in two from the right (Fig. 2). In several instances the operator 
used a McBurney incision. In only one of these patients had we made a mis- 
taken diagnosis of complete reduction. In him, after a loss of six hours, we 
then repeated the reduction to the cecum and operation was performed, com- 
pleting the reduction of an inch of ileum. There was a difference of opinion 
at the operating table as to whether resection should be performed. The 
operator did resect an annular segment, section of which (Fig. 4) shows the 
changes seen early in intussusception when the bowel is viable.^* 



Fig. 5. — There is no marked difference in age distribution of patients in the two groups. 


Figure 5 shows the distribution according to age of the patients treated by 
the two methods. There is no significant difference. Figure 6 shows the 
distribution according to duration of s)nnptoms of the patients treated by 
the two methods. The group treated primarily by enema had more of the 
patients with symptoms of short duration. However, there were four patients 
in this group with symptoms of over 48 hours’ duration. 

The point of chief interest in the primary operative group of 21 patients is 
the history of the five fatal cases. In three the patient was sent home from this 
hospital the first time he was seen after the onset of symptoms of intussuscep- 
tion. In each instance the child was admitted the next day. Two patients 
were then operated upon promptly, but with the third there was a delay of 
an additional 47 hours. A fourth patient was admitted promptly but not 
brought to operation for 66 hours. All four patients required resection and 
died relatively soon after operation. A fifth patient was in the hospital, 
debilitated by polypoid adenomatosis of the entire gastro-intestinal tract, when 
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his intussusception appeared. Barium enema was not attempted. The child 
was too enfeebled to withstand his prompt and satisfactory resection and died 


two days later. 

What are the reasons for the resistance among surgeons to a form of 
treatment which has in so many hands given results superior to those achieved 
by primary operation? The objections commonly raised are these: (i) The 
original diagnosis may be uncertain. (2) It is difficult to be sure of reduction. 
(3) Will not the recurrence rate be higher? (4) Polyps and other tumors 
cause many intussusceptions and will not be found. (5) In the unsuccessful 


cases a dangerous delay will have 
been caused. (6) The bowel may 
rupture. (7) Nonviable bowel may 
be reduced. 

■ To answer these objections 
briefly : ( i ) As to being sure that 
one is dealing with intussusception, 
the diagnosis by fluoroscopy is 
fairly simple, the criteria are charac- 
teristic, and expertness in their rec- 
ognition is soon acquired. Most 
cases of intussusception are diag- 
nosed clinically, but a few require 
barium enema for definitive diag- 
nosis. A good many intussusceptions 
have been inadvertently reduced in 
the course of what was meant to .be 
a purely diagnostic barium enema. 



15-48 49-96 7 7-14 I 

HRS HRS HRS DAYS DAYS MO 


DURATION OF SYMPTOMS 

Fig. 6. — There are more patients with 
symptoms of short duration in the group 
treated by enema,, but four patients in that 
group had symptoms of over 48 hours’ 
duration. 


(2) Accuracy of diagnosis of complete reduction is high. We have made 


an erroneous diagnosis of complete reduction once in 27 treatments. If 
there is any doubt, all that is required is a momentary inspection of the 
cecum and terminal ileum through a McBurney incision. Even if we 
were to insist on operative confirmation of every enema reduction, the 
procedure would still be safer and easier than operative reduction alone. 
With or without operation the use of hydrostatic pressure is safer and quicker 
than manual pulling and hauling. (3) As to the rate of recurrence, it is about 
2 per cent in patients after reduction by either method. We have had one 
recurrence in each group in the past ten years. If there is a recurrence, the 
intussusception should be reduced by enema and the abdomen then explored 
niti the expectation of finding a polyp or other causative lesion. (4) As 
concerns the possibility of failing to discover such a tumor by barium enema 
a one, the incidence of tumor is only 2.5 per cent’ in children under two years 
n 10 suffer 70 to 90 per cent of the intussusceptions. Furthermore, the tumors 
■\\mich cause intussusception are rarely dangerous in themselves. Table IV 
s lows our experience with such lesions — five polyps, two Meckel’s diverticula, 
and one focus of ectopic pancreatic tissue. (5) As for the dela)' which may be 
caused by an unsuccessful attempt at reduction b}^ enema, it requires less than 
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half an hour from start to finish to reduce an intussusception by this means. 
At night it is our practice to call the operating room as soon as we make the 
diagnosis. We usually have finished the reduction in time to cancel the 
operation before preparations in the operating room have been completed. 

We should like to emphasize one point, that this method is not a substitute 
for surgery, or an escape from surgery. It is as much a surgical procedure 
as is reduction of a fracture by traction. The surgeon should be as ready to 
perform a laparotomy, if it proves necessary, as the orthopedist is to perform 
an open reduction. The treatment should be carried out by a surgeon and 
in a hospital. It is not an office procedure nor a kitchen table remedy. 

As for the next objection, rupture of the bowel, this can occur with 
hydrostatic pressure as well as with manual reduction during operation. 
However, it is much less likely to occur with enema since less force is 


Table IV. — Demonstrated causes of intussusception in 144 cases of intussusception in 
infants and children treated at the Johns Hopkins Hospital from 1889 to 1947. 

DEMONSTRABLE CAUSES IN 

144 CASES OF INTUSSUSCEPTION 

Cause 

Patient's Age 

Type (anatomic) 

Acute or Chronic 

Polyp 

11 yrs. 

Jejunal 

Chronic, recurrent 

Polyp 

S yrs. 

2 ileal 

(1 compound) 

Chronic, recurrent 

Polyp 

tyi mos. 

No data 

Chronic, recurrent 

Polyp 

1 yr.. 2 mos. 

Ileal 

Acute 

Polyp 

1 yr.. 6 mos. 

Ileal 

Acute 

Meckel's diverticulum 

2 yrs, 1 mo. 

Ileo-colic 

Acute 

Meckel's diverticulum 

1 yr., 2 wks. 

Ileal-ileocaecal 

(compound) 

Acute 

Ectopic pancreatic tissue 

10 mos. 

Ileal 

Acute 


employed and that force is diffusely distributed. We employ three feet of 
pressure and never manipulate the bowel. There have been a few instances in 
Scandinavia of rupture from manual reduction through the intact abdominal 
wall with or without enema. Mortimer^® in 1891 tested the resistance of the 
colon in fresh cadavers to fluid injected under pressure after the ileocecal valve 
had been ligated. He found serosal cracking beginning occasionally at five 
feet of pressure, and usually present at eight feet. The bowel sometimes rup- 
tured at six feet of pressure, but more often at higher pressures. In this con- 
nection it may be amusing to recall the advice of Forest^® in the New York 
Medical Record of 1889, that in reducing intussusception with enema one 
should “lay the child in the hallway and mount the stairs” holding the fluid 
reservoir, although he does say that after mounting to a height of 10 feet one 
should exercise caution 1 ’^ As for reducing nonviable bowel, it would appear 
that with a pressure of three feet one cannot reduce gangrenous bowel. Our 
experiments indicate, as others have maintained, that irreducibility of an intus- 
susception is determined b)’’ adhesions between the sheaths and by the degree 
of edema. Both factors increase with time and become rhore effective in pre- 
venting reduction as the damage to the bowel increases. 
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Table V summarizes our experience in 28 dogs in which intussusception 
was produced by a method described elsewhere.^^ After periods of observation 
of 18, 28, 38, and 48 hours the dogs were again operated upon under ether 
anesthesia, the serosa of the undisturbed intussusception was cultured, and 
an attempt was made to reduce the intussusception by saline enema under 
direct vision with just three feet of pressure. It will be seen that reduction by 
enema was attempted in 28 dogs. In no case did the bowel rupture. In no 
case did abscess, peritonitis, or any other possible consequence of the 
reduction of nonviable bowel develop in any animal with a reduced intus- 
susception. The experiments support the clinical observation that one is 
unlikely to reduce gangrenous bowel by a hydrostatic pressure of th/ee 
feet. In several instances in another group of animals it was possible to reduce 
manually invaginations which could not be reduced by hydrostatic pressure. 


Table V. — Experimental results. Intussusceptions reduced by hydrostatic pressure 
at stated intervals after production. No perforation, no reduction of nonviable bowel. 
Pathogenic bacteria often present on serosal surfaces. 


Duration 

of 

Intussusception 

Number 

of 

Dogs 

Result of Enema 

Fate of Dog 

Peritoneal 

Cultures 

18 hours 

4 

All reduced 

1 anesthetic death 

3 survived 

3 sterile 

1 positive 

28 hours 

3 

All reduced 

All survived 

2 sterile 

1 positive 

38 hours 

6 

All reduced 

All survived 

1 sterile 

S positive 

48 hours 

15 

2 spontaneously reduced 

1 reduced with enema 

12 irreducible 

2 survived 

Survived 

2 anesthetic deaths 

1 survived 

8 died 

1 sacrificed 

2 sterile 

8 positive 


A few other interesting points are brought out by the study. In 7 out of 13 
instances it was possible to culture pathogenic bacteria — escherichia colif clos- 
tiidium welchii, streptococcous fecalis, and others — from the serosal surface 
of viable intussuscepted bowel. This fact may well explain the high fever seen 
in patients after operation, and the frequency of wound infection and of post- 
operative adhesions. 

Pathologic study of the experimental intussusceptions brought out a num- 
ber of points of interest. Necrosis begins at the very tip of the intussusception 
and extends along the outside of the intussusceptum on the returning limb. The 
microscopic changes are successively those of vascular engorgement of the 
will, edema of the submucosa and subserosa, hemorrhage, and finally gangrene. 

e inner circular muscle coat succumbs sooner than the outer longitudinal 
muscle coat. 

In summary : The cumulative experience of 75 years in the treatment of 
intussusception shows reduction by h5fdrostatic pressure to be a safer primary 
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approach than operation. This conclusion is supported by our clinical and 
experimental observations. In 27 jDatients treated primarily by barium enema 
there were no deaths. The morbidity and length of hospital stay were much 
reduced when compared with those of patients treated primarily by operation 
during the same period. The use of hydrostatic pressure under fluoroscopic 
control in the treatment of intussusception is auxiliary to surgery and not in 
opposition to it. 

Author’s Note: Since this paper was submitted for publication 6 additional children 
with intussusception have been treated by barium enema reduction, with no deaths. In 
3 enema alone sufficed, in 3 a McBurne}' incision was required to complete reduction at 
the ileocecal valve. There is thus a total of 33 cases of intussusception treated primarily 
by barium enema, with no deaths, 24 of the number being reduced by the barium 
enema alone. 


REFERENCES 

1 Wilson, J. R. W. reported by W. W. Thompson: Am. J. Med. Sci., 18: 262, 1836. 

2 Nuck, Anton, cited by John Ashhurst: On Laparotomy as a Remedy for Intussusception. 

Am. J. Med. Sci., 68: 48, 1874. 

® Fuchsius, G., cited by Ashhurst, loc. cit. 

^ Hutchinson, Jonathan: A Successful Case of Abdominal Section for Intussusception. 
Tr. Roy. Med. & Chir. Soc., 57: 31, 1874. 

® Hirschsprung, H.: Tilfaelde af Subakut Tarminvagination. Hospitalstidende, 3' 5^1- 
327, 1876. 

® Hirschsprung, H.: 107 Falle von Darminvagination bei Kindern, behandelt in Kdnigin 
Louisen-Kinderhospital in Kopenhagen wahrend der Jahre 1871-1904. Mitteilungen 
aus den Grenzegebieten den Medezin und Chirurgie, 14: 555, 1905. 

’’ Miller, E. M. : Acute Intussusception. Ann. Surg., 98: 706, 1933. 

® Koch, A., and H. P. T. Oerum; Intussusception in Children. 400 Danish Cases. 
Edinburgh Med. J., 9: 227-241, 1912. 

Monrad, S.: Acute Invagination of the Intestine in Small Children. Acta Pediat., 6: 
31-52, 1926. 

Lehmann, C.: Ein Fall von Invaginatio Ileocaecalis in Rontgenbilde. Fortschr. a.d. 
Geb. d. Rontgenstrahlen, Hamb. 1914. 

Olsson, Y., and G. Pallin : Uber das Bild der akuten Darminvagination bei Roentgen- 
untersuchung und uber Desinvagination mit Hilfe von Kontrastlavements. Acta. 
Chir. Scand., 61: 371-383, 1927, 

12 Retan, G. M.: Non-Operative Treatment of Intussusception. Am. J. Dis. Child., 33: 

765-770, 1927. 

IS Pouliquier, M. et De La Marnierre: Indication du Lavement Bismuthe dans Certaines 
formes d’lnvaginations Intestinales. Bull, et Mem. Soc. Nat. de Chirurgie, 53: 
1016-1021, 1927. 

Hipsley, P. L.: Intussusception and Its Treatment by Hydrostatic Pressure. Based 
on an Analysis of 100 Consecutive Cases so Treated. Med. J. Australia, 2: 201-206, 
1926. 

15 . Intussusception. Brit. M. J., 717-721, 1935. 

Ladd, W. E., and R. E. Gross: Abdominal Surgery of Infancy and Childhood. Phila- 
delphia. W. B. Saunders and Company, 1941. 

Clubbe, C. P. B.: The Diagnosis and Treatment of Intussusception. Sydney, Australia, 
1921. 

Ravitch, M. M., and R. M. McCune; Reduction of Intussusception by Hydrostatic 
Pressure. An Experimental Study. Bulletin of the Johns Hopkins Hospital, 82: 
550-568, 1948. 


916 



Volume 12S 
Number .5 


INTUSSUSCEPTION BY BARIUAI ENEMA 


Mortimer, J. D.; On the Treatment of Intussusception by Injection or Inflation and 
Its Dangers. Lancet, i: 1144, 1891. 

20 Forest, W. E.; Intussusception and the Use of Injections. Medical Rec., 36: 371, i88g. 

21 Sjostrom, P. M. : Uber die unblutige Desinvagination von Darminvaginationsfallen mit 

Hilfe von Konstrasteinlauf unter Roentgendurchleuchtung. Der Chirurg., 6: 706-714, 
1934- 

22 Hellmer, H.: The Roentgenologic Diagnosis and Treatment of Intussusception in 

Children, acta Radiologica, 24: 235-258, 1943. 

23 Nyborg, S.: Intussusception in Children. Study based on 108 cases. Acta Chir. Scand. 

(Supp. 80), 89: 1-219, 1943. 

24 Kahle, H. R.: AnaB’-sis of 151 Cases of Intussusception from Charity Hospital. Am. 

J. Surg., 52: 215-224, 1941. 

23 Perrin, W. S., and E. C. Lindsay: Intussusception: A Monograph Based on Four Hun- 
dred Cases. Brit. J, Surg., 9: 46-71, 1921. 

23 Close, H. G.: Acute Intussusception in Children. Guy’s Hospital Rep., 81: 1931. 

2^ Ladd, W. E., and R. E. Gross: Intussusception in Infancy and Childhood. Arch. Surg., 
29: 365-384, 1934- 

28 Peterson, E. W., and R. F. Carter: Acute Intussusception in Infancy and Childhood. 
Ann. Surg., 96: 94-97, 1932. 

23 Wakeley, C. P. C., and F. R. B. Atkinson: Acute Intussusception in Childhood. Brit. 
J. Child. Dis., 35: 241-250, 1938. 

83 Gordon, E. F.: Intussusception. Review of 42 cases from files of New Haven Hospital. 
Arch. Pediat., 57: 585-594, I940. 

31 Gibbs, E. W., and P. W. Sutton: Intussusception. Surgery, 14: 708-718, 1943- 
82 Mayo, C. W., and R. Woodruff: Acute Intussusception. Arch. Surg., 43: 583-587, 

1941. 



PRIMARY “INFLAMMATORY” CARCINOMA OF THE BREAST* 

A Report of Five Cases and a Review of the Literature 
Bernard A. Donnelly, M.D. 

Iowa Citv, Iowa 

FROM THE DEPARTMENT OF SURGERY, COLLEGE OF MEDICINE, STATE UNIVERSITY OF IOWA, IOWA CITY, IOWA 

The breast is the site of a number of varied pathologic lesions, but none 
more interesting than “Inflammatory Carcinoma of the Breast,” so named 
because clinically the breast presents signs commonly associated with inflam- 
mation. 

Frequently these skin manifestations are misdiagnosed and treated as a 
dermatological or inflammatory lesion rather than as a neoplasm. Four 
patients with inflammatory carcinoma treated on the general surgical service 
of the State University of Iowa Hospitals in the last year had been treated as 
having acute inflammatory lesions prior to admission. To create awareness of 
this unusual type of neoplasm, and thus prevent loss of valuable time in the 
institution of therapy at the onset of the disease, available information pertain- 
ing to “inflammatory carcinoma” is presented. The material has been obtained 
from' a review of the literature and from personal observation of five patients 
treated for inflammatory carcinoma at this hospital during the past year. 

Two clinical varieties of inflammatory carcinoma of the breast exist. In 
one group designated as primary, the inflammatory signs arise simultaneously 
with the carcinoma in the skin of a previously normal breast. It is to be em- 
phasized that in this group there is usually no mass present in the breast, the 
absence of which frequently accounts for the delay in the correct diagnosis. In 
the group designated as secondary, the inflammatory manifestations may 
appear suddenly in a breast which has long been the seat of a scirrhous carcino- 
ma, or in the mate of such a breast- or it may follow mastectomy for carcinoma 
either at the original site, or in the opposite breast. The clinical course and 
behavior of both types is very much the same. This paper is confined to a 
discussion of primary inflammatory carcinoma. 

Inflammatory carcinoma of the breast presents definite clinical and patho- 
logic characteristics. It is an unusual type of malignancy in that in the early 
stages it presents signs and symptoms usually associated with acute or sub- 
acute inflammation. It is a type of neoplasm which presents a rapid rate of 
spread with early metastasis, and a discouraging response to all forms of 
treatment. 

HISTORICAL 

Probably the first description of this type of mammary carcinoma was by 
Volkmann^® in 1875, who called it “Mastitis Carcinomatosa.” Since then this 
neoplasm has received a variety of names, such as Carcinoma erysipeloides,^’ 
erysipelas carcinomatosa,^® telangiectatis carcinoma, malignant lymphangitis,*’ 
and acute carcinoma,® usually depending upon the author’s interpretation of 
the signs, symptoms and pathological characteristics. ' The desi gnation of 

* Submitted for publication, January 1948. 
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“Inflammatory Carcinoma” was first suggested by Lee and Tannenbaum^^ in 
1924 in a report of 28 cases. This terminology has also been used by Taylor 
and Meltzer^*^ who in 1938 presented 38 cases, and by Fox.^> ^ 

Because of the clinical characteristics presented by this neoplasm the 
nomenclature most favored is “Inflammatory Carcinoma.” 

INCIDENCE 

Fortunately this neoplasm is infrequent in occurrence, representing but 1.3 
per cent of all cases of mammary cancer, according to Lee and Tannenbaum,^’^ 
Taylor and Meltzer,^® give a somewhat higher figure of 4 per cent. At the 
University of Iowa Hospitals five patients with inflammatory carcinoma have 
been treated in the past 12 months and have constituted 4.2 per cent of malig- 
nant breast lesions seen during that period. 

The age incidence of inflammatory carcinoma parallels that of breast carci- 
noma in general. In the 28 cases reported by Lee and Tannenbaum^'^ the aver- 
age age was somewhat younger, being 44.5 years. Ten of the cases, or 39 
per cent, occurred in women under 40 years of age. The youngest patient 
reported with inflammatory carcinoma was 24 years old. Five cases treated at 
this hospital presented an average of 56 years. 

PATHOLOGY 

Early workers, impressed by the gross inflammatory signs, tried to read 
inflammatory features into the microscopic picture of the disease. Schumann^^ 
in 1911 attributed a “toxin-forming power to the carcinoma cells which by 
setting up a violent irritation, produces a round-cell infiltration closely simu- 
lating a primary mastitis.” 

Learmonth^^ also was of this opinion when he said : “We have to deal with 
a highly virulent type of cancer cell which is capable of engendering a marked 
inflammatory reaction.” 

As early as 1889 BryanF understood that the inflammatory signs of this 
clinical form of breast carcinoma were due to extensive lymphatic invasion by 
cancer cells producing edema and capillary congestion. Some early investi- 
gators held that the tumor spread was chiefly through the subepidermal capil- 
laries and venules. Ewing® advanced the opinion, currently shared by Case^ 
and others, that the disease was primarily a continuous growth of carcinoma 
through the lymphatic vessels. 

Because of uncertainty as to whether the vessels by which the tumor cells 
spread were lymphatics or capillaries, Camiel and Bolder^ studied approxi- 
mately 200 serial sections of biopsy material. Barring artefaction the authors 
presumed the presence of an erythrocyte in a vessel might be taken as evidence 
of a capillary or venule. None were found. 

Using this same criterion, skin biopsies taken from breasts of four of the 
patients with inflammatory carcinomas treated at the State University of Iowa 
Hospitals showed many red blood cells in the vessels which contained tumor 
cells. This is illustrated in the photomicrograph shown in Figure 1. It seems 
leasonable that spread of the tumor cells ma}’’ be either by the lymphatics or 
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capillaries; the disease being primarily a continuous growth of carcinoma 
through the lymphatic vessels with concomitant blood vessel invasion and con- 
gestion of the subpapillary capillaries and venous plexus. 

It should be emphasized that true inflammation does not exist. There is no 
body reaction to an irritant, but the extensive lymphatic blockage causes edema. 



Fig. 1. — Photomicrograph showing evidence of spread of inflamma- 
tory carcinoma by blood vessels. Note erythrocytes in vascular space with 
neoplastic cells. 


and the capillary congestion produces marked reddening and heat. The round 
cell infiltration often noted is also due to blockage of lymphatics, and not to 
an inflammatory reaction. 

The histologic type is usually an undifferentiated carcinoma. Microscopic 
study shows nests of neoplastic epithelial cells in the corium. The neoplastic 
cells are usually collected in the vascular spaces, lymphatics or both. The 
spread of the carcinoma is subdermal rather than intradermal, an important 
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differential point from Paget’s disease which involves primarily the epidermis, 
(Fig. 1.) 

CLINICAL SYMPTOMS 


In the majority of instances the initial symptoms are subjective in nature. 
The patient will complain of heaviness or aching of the breast. The pain will 
vary from a dull ache to an intermittent shooting pain. 

The patient next notices skin discoloration which varies from bright red 
to purple and which varies in size and shape. At this time an increase in the 
size of the breast is also noted. If the patient consults a physician at this stage 
of the disease the clinical picture closel}'- resembles an acute inflammatory 
process and is usually treated as such. Of the five patients treated at the Uni- 
versity of Iowa Hospitals in the last year, four had received treatment for acute 
mastitis before being referred for treatment. In the cases reported by Lee, over 
one-half had been operated upon with a diagnosis of chronic or subacute 
abscess, 

A great amount of valuable time is lost when the neoplasm is treated as 
an acute inflammatory process. Reuter and Nomland^" recommend that inflam- 
matory signs developing in the skin or about the breast which do not subside 
within two or three weeks warrant an incisional biopsy for diagnosis. This is 
sound advice and if followed it will prevent unnecessary delay in the patient 
receiving prompt treatment. 

Coincident with color change there is an increase in the size of the breast. 
The involved breast is usually two or three times the size of the normal breast. 
Patients with inflammatory carcinoma also complain of weakness, easy fatig- 
ability, and weight loss, symptoms which may be associated with any malig- 
nancy or chronic illness. 

As a general rule the patients do not present an elevation of temperature. 
There are no constant findings in the microscopic examination of the blood. 
Leucocytosis is the exception rather than the rule. A secondary anemia may 
be present. 


* CLINICAL SIGNS 

Examination of the involved breast in the early stage shows areas of skin 
discoloration. The color is usually red or reddish purple, but occasionally may 
be reddish brown in appearance. This discoloration may be seen as irregular 
patches, or as streaking, the latter resembling lymphangitis in appearance. As 
the disease progresses the skin becomes deep red or reddish purple in color and 
begins to extend beyond the confines of the breast. The skin becomes pitted 
and edematous, and there is pronounced induration of the skin. At this stage 
the skin shows the “orange peel” or “pitted” appearance. In some cases nipple 
retraction is present. 

The involved breast may be enlarged two or three times the size of the 
other breast. At the outermost area where involved skin and normal skin 
merge there is an irregular raised periphery and the appearance is very similar 
to an acute inflammatory lesion such as erysipelas. 
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Fig. 2(A) — Left breast showing irregular erythematous skin discolora- 
tion in earl3’- stage of primary inflammatory carcinoma. Note resemblance 
to acute lymphangitis. (B) — Patient shown in 2A after intensive preopera- 
tive Roentgen therapy and radical mastectomy. Note diffuse spread of 
lesion and the erysipelas-like border at the periphery. 
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The skin is warm to touch and not infrequently tender. Usually a palpable 
mass is not present. 

The gross appearance of inflammator}'- carcinoma of the breast and the 
rapid progression of this disease is well illustrated by Figures 2, 3, 4, 5 and 6. 

DI.'^GXOSIS 

In establishing a diagnosis the following diseases must be differentiated 
from primary inflammatory carcinoma : 

True inflammation. As previousl)^ mentioned a major difficulty in the 
diagnosis of inflammatory breast cancer exists in the fact that in its early stages 
the disease may closely resemble a true inflammatory process of the mammary 
gland, such as an abscess or an acute mastitis. The skin overlying an abscess 
of the breast is apt to be smooth, shiny, and tender. Leucoc}i;osis, fever, and 
other general signs are usualty present. Inflammatory carcinoma is typically 
nontender, covered with edematous “orange peel” skin and unassociated with 
systemic fever or leukoc 3 l;osis. An induration in the breast due to lactation 
mastitis should show in a few days either evidence of resolution or the clinical 
appearance of abscess. Any case of supposed mastitis persisting longer than 
two weeks calls for the provisional diagnosis of cancer and warrants incisional 
biopsy. 

Erysipelas. The differential diagnosis between erysipelas and inflammatory 
carcinoma may be impossible on the basis of gross appearance. However, in 
this region erysipelas is rather uncommon. The disease is quite acute and pros- 
tration is usually striking. High fever and marked leucoctyosis are present. 
The lesion -is vivid red, disappears on pressure and is not particularly sensi- 
tive. The acute histor}', with the constitutional reaction and dramatic spread 
of the lesion, together with the decided increase in leucocyte count is sufficient 
to distinguish er}’'sipelas from inflammatory carcinoma. 

Paget's disease of the nipple. The skin lesion in Paget’s disease involves 
the nipple, areola, and surrounding skin and presents a reddened, granular 
surface discharging a yellow viscid fluid. At times the appearance is that of 
chronic eczema with encrustations. The lesion is frequently confined to the 
areola alone and the nipple disappears as the disease progresses. In inflam- 
mator}’^ carcinoma the nipple is usually not involved other than showing evi- 
dence of retraction. There is more diffuse discoloration extending out from 
the nipple. Biopsy of the involved skin is of value in the final differentiation. 
The spread of Paget’s disease is intradermal, while infiammatorj' carcinoma 
IS subdermal. T^^pical signet ring cells known as “Paget Cells” are also seen. 

Plasma cell mastitis. In the acute phase of plasma cell mastitis the signs 
and symptoms of a diffuse inflammation radiating from the nipple are seen. 
However, it varies from inflammator)'^ carcinoma in that the inflammation will 
subside in from a few days to a week. After subsidence of the acute manifes- 
tations a firm irregular tumor remains. With inflammator)' carcinoma, as has 
been mentioned previously, there is usually no mass palpable. Histologic 
examination of the skin in plasma cell mastitis shows absence of carcinoma, 
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and examination- of the mass itself shows the typical picture of plasma cell 
mastitis as described by Parsons, Henthorne, and Clark.^^ 

Tuberculosis of the breast. In this condition the onset is less acute. A 
tumor is present in the breast which is soft in consistency. Early in the course, 
redness of the overlying skin appears and later areas of softening. As the 
process extends the skin over the softer portions thins out and finally sinuses 
form which are usually multiple. Physical signs of tuberculosis elsewhere 
may also be demonstrated. This condition, from its chronicity and physical 
signs, may be readily distinguished from inflammatory carcinoma. 

Lymphoma. Hodgkins disease can produce a picture indistinguishable 
from inflammatory carcinoma of the breast. The mechanism is undoubtedly a 
similar one, with acute diffuse lymphatic blockage by multiplying malignant 
cells. Biopsy is necessar}'- to establish the diagnosis. 

Metastasis. It has been previously mentioned that the local lesions of 
inflammatory carcinoma spread with striking rapidity. Metastasis also occurs 
early in primary inflammatory carcinoma of the breast, involving, in practi- 
cally all cases, the axillary or supraclavicular nodes. Taylor and Meltzer pre- 
sented 25 cases of primary carcinoma. In 11 of the 25 cases medical advice 
was sought within three months of the onset of symptoms, seven saw a phy- 
sician within six months, and all but one within a year. All 25 cases showed 
axillary involvement, and nine cases in addition showed clinical evidence of 
visceral metastases (liver or lung) or bone metastases at the time of examina- 
tion. At the University of Iowa Hospitals the five cases described below 
presented themselves for treatment at three months, five months, nine 
months, 18 months, and 12 months respectively. Four of the five patients 
presented axillary metastasis. Two in addition evidenced supraclavicular matas- 
tases. Liver metastasis was present in one patient. The opposite breast is also 
frequently involved. 

Treatments Whatever the form of therapy the outlook for the patient with 
inflammatory carcinoma is discouraging. As far back as 1814 BelB appreciated 
the gravity of these inflammatory signs when in a discussion of carcinoma of 
the breast he said “When a purple color is on the skin of the tumor, it is a 
very impropitious beginning,” 

Portmann,^^ after an extensive review of the treatment of breast carcinoma, 
stated that brawny red induration and inflammation of the skin, and edema 
as evidenced by orange peel skin were to be considered as criteria of incur- 
ability. Both of these are present in inflammatory carcinoma. Metastasis takes 
place very early in the disease. In addition the histologic type reveals the 
carcinoma to be highly malignant. For these reasons the response in the 
majority of cases to the usual forms of treatment, namely Roentgen-rays, 
surgery or a combination of the two, has been uniformly bad. 

Taylor and Meltzer report- 19 cases treated by Roentgen-rays. Three 
patients were still alive at the end of six, ten and twenty-five months. Nineteen 
patients lived two to nineteen months after institution of treatment with an 
average duration of life of 9.2 months. 
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Learmonth,^^ reports one patient, treated by surgery, alive after seven 
years. Brackertz,^ recommended surgical excision, allowing a 10cm. margin 
to every trace of redness. Lee and Tannebaum report six patients treated by 
surgery who had an average duration of life of one year and nine months. 
Their patients all did poorly, developing prompt evidence of axillary or supra- 
clavicular disease, skin recurrence or involvement of the opposite breast. 
Fox,®’ ® reported uniformly bad results with operative treatment. 

The present series of five cases illustrates the difficulties presented in arriv- 
ing at a definite conclusion as to the most suitable type of treatment. 

Case 1. — A 61-year-old white female complained of aching of the left breast with 
accompanying discoloration of the skin of three months duration. During this time the 
patient had received treatment for acute mastitis. 

Physical examination revealed the right breast to be two times the size of the left 
breast. The skin of the breast showed an irregular reddish-purple discoloration. Metas- 
tatic nodes were present in the right axilla and supraclavicular regions. Biopsy of the 
skin was reported as undifferentiated carcinoma. Because of metastases, roentgen therapy 
was chosen as the method of treatment. This, however, was of no apparent benefit, and 
the lesion showed a steady progress in severity involving the skin of the back, abdomen, 
and opposite breast. This patient at last report was rapidly losing ground, 13 months 
after the onset of her disease. 

Case 2. — A 58-year old white female complained of a “red, itchy, sore left breast” 
of nine months duration. During this time the patient had been treated for acute mastitis. 

Physical examination revealed the left breast to be enlarged one and one-half times 
that of the right breast. The skin of the breast was indurated and several irregular 
erythematous areas were present. Axillary metastasis was present. 

The patient received an intensive preoperative course of roentgen therapy. Exam- 
ination two months later showed definite regression of the lesion, so much so that a 
radical mastectomy was performed. Histologic examination of the lesion was reported 
as poorly differentiated carcinoma. This patient did extremely well for approximately 
nine months after discharge from the hospital. At this time she developed a purpuric 
lesion of the anterior and lateral chest wall. She was treated by her local physician for 
herpes zoster. When the patient returned to this hospital for examination, biopsy revealed 
the lesion to be carcinoma. Testosterone as a palliative resort was started within the last 
week; evaluation of the treatment cannot therefore be made at this time. 

This patient of the five patients presented had shown the best response 
to treatment having been free of evidence of carcinoma approximately one year. 
However, with evidence of recurrence of the carcinoma now present it illus- 
trates the discouraging response of inflammatory carcinoma to available therapy. 

Case 3. A S8-year-old white female complaining of enlargement and irregular 
erythematous discoloration of the left breast of one years’ duration. Physical examination 
reveded the left breast to be two to three times the size of the right breast. There was 

1 use erythematous discoloration and lymph-edema of the breast. Nipple retraction 
^ ™^tastatic node was palpable in the left axilla. 

. ^ same type of therapy was decided upon as was given in Case 2. The patient 
foCeive an intensive course of roentgen therapy. The patient returned in two months 
ant ™^stectomy. Examination revealed an irregularity of the right tenth rib 

r out a metastatic lesion this area was explored. This revealed a 

i !! tenth rib at the costo-chondral junction which accounted for the irregu- 

fouiH Through this incision the liver was felt through the peritoneum and 

met" t r nodular. A small incision was made through -the peritoneum and many 
1 C nodules were found. Biopsy revealed the presence of carcinoma. Testosterone 
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Fig. 5 



Fig. 6 


Fig. S— Left breast showing characteristic enlargement that orenrs 
m primary inflammatory carcinoma. gement that occurs 

Fig. 6. Right breast and surrounding skin showine- martpri involve 


928 


Volume 128 
Number 5 


CARCINOMA OF THE BREAST 


therapy was instituted without benefit. The patient died several months after discharge 
from the hospital approximately 19 months after onset of symptoms. 

Case 5. — A 55-year-old white female complaining of soreness and skin discoloration 
of the left breast of five months duration. 

Physical examination revealed the left breast to be enlarged two times that of the 
right breast. The skin of the breast was diffusely reddened and indurated. Axillary and 
supraclavicular node metastases were present. Biopsy of the skin and of a supraclavicular 
node were reported as undifferentiated carcinoma. 

The patient was given an intensive course of roentgen therapy. Examination two 
months later revealed progression of the neoplasm. Testosterone therapy was started. 
A dosage of 100 mg, daily was prescribed. The patient has returned for examination at 
intervals of one month for the past eight months. At the completion of two months of 
therapy there was evidence of regression of the inflammatory signs with an increased 
feeling of well being experienced by the patient. This improvement continued for an 
additional three months. At this time examination once again revealed definite evidence 
of spread of the carcinoma. At the last examination eight months after testosterone 
therapy was instituted the patient has continued to experience a feeling of well being in 
spite of progress of the local lesion. It is believed that this patient has received definite 
benefit from testosterone therapy. 

Case 5. — A 52-year-old white female admitted with diabetic gangrene of the right 
foot of four weeks duration. In addition physical examination revealed a markedly en- 
larged right breast. The skin was brawny reddish purple in color, and indurated, pre- 
senting an orange peel appearance. The skin involvement extended to the supraclavicular 
lesion superiorly, the medial portion of the left breast, the costal margin inferiorily, and 
the posterior axillary line posteriorly. Skin biopsy revealed poorly differentiated adeno- 
carcinoma. 

The patient gave a history of the breast lesion beginning approximately 18 months 
earlier. It was ignored until two months prior to admission at which time a physician 
was consulted and an intensive course of roentgen therapy was given. From the appear- 
ance of the lesion it appeared to have been benefitted very little by this treatment. 

The patient was seen by the Department of Rontgenology who expressed the opinion 
that further therapy would be of no value. .’Testosterone therapy was prescribed. The 
patient died suddenly 11 days after therapy was started and one week after discharge 
from the hospital. This patient survived 19 rrionths after onset of her symptoms. 


The above case histories do not lea'd to any definite conclusions about the 
treatment of inflammatory carcinoma other than that the outlook is very dis- 
couraging. Three patients have died 13, 19, and 19 months respectively after 
onset of their disease. Two patients are still alive 19 and 21 months after onset 
of symptoms. However, continued spread of the carcinoma in these cases, in 
spite of all available therapy, suggests an apparently hopeless prognosis. 

The most favorable result was obtained in Case 2, the patient receiving 
preoperative roentgen-ray followed by radical mastectomy, although recent 
examination showed evidence of recurrence. Roentgen-rays alone have proved 
to be of little benefit in stopping the spread of inflammatory carcinoma, other 
tian showing an initial favorable response in Case 2. 

Case 4 is of interest in the systemic improvement experienced by the patient 
placed on testosterone therapy. In spite of continued progress of the 
oca lesion the patient continued to experience a feeling of well being and was 
aie to carry on her normal household duties. 

n view of the highly malignant nature of this disease, it is recommended 
lat the patient be given every opportunity for cure through a combination of 

929 



BERNARD A. DONNELLY 


Annals of Surgery 
ember, 1 9 *1 ^ 


all therapy available. This would include an intensive course of preoperative 
roentgen-ray therapy, followed by radical mastectomy in cases deemed oper- 
able. The inoperable cases who do not respond favorably to roentgen-ray 
therapy should be given the benefit of testosterone proprionate. The greatest 
aid for improvement of thCTapy would be earlier diagnosis. Recognition of 
the disease at the onset would allow prompt institution of treatment and per- 
haps produce a more favorable result. 

SUMMARY 

1. Primary inflammatory carcinoma, an interesting, infrequent and highly 
malignant tumor of the breast has been described. 

2. The age incidence parallels that of breast carcinoma in general. 

3. The disease is primarily a continuous growth of carcinoma through the 
lymphatic vessels with concomitant blood vessel invasion. 

4. The histologic type is usually undifferentiated carcinoma or poorly 
differentiated adenocarcinoma. 

5. Symptoms are acute in onset, most frequently characterized by enlarge- 
ment and aching of the breast with concomitant inflammatory signs, and, in 
the early stages of the disease- resembling an infectious process. 

6. Differential diagnosis is made by absence of generalized s 3 'mptoms indi- 
cating an infectious process, normal blood count and biopsy. 

7. Metastasis takes place early and in practically all cases the axillary and 
supraclavicular nodes are involved. 

8. Response to treatment is uniformly poor. Roentgen therapy and surgery 
in the operable cases has been of some value. Roentgen therapy and testos- 
terone proprionate are recommended for the inoperable cases. 

9. Biopsy of inflammatory lesions of the breast which persist over two 
weeks, to aid in early diagnosis and institution of proper therapy, is urged. 
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Because,, since the advent of cholecystography, the problem 
silent gallstone has become an increasingly frequent and, consequen 
increasingly important one, several pertinent questions are being asked, 
often are gallstones silent and how often is the physician confronted w 
problem of the silent gallstone? What advice should be given the • 
who has silent gallstones? Should he be told to undergo cholecystectc 
should he be told to await development of dyspepsia or colic before subr 
to surgical treatment? Should he be urged to undergo cholecystectomy 
the first attack of colic or after several attacks have occurred ? 

FREQUENCY OF THE SILENT GALLSTONE 
The frequency with which the silent gallstone occurs in the general 
lation is not known. Surveys using cholecystography, so far as we cai 
have not been made to determine the incidence. Some idea of its freq 
however, may be gained by consideration of data obtained from ne( 
studies. Robertson,^ in reviewing the records of 1,027 cases in which ne( 
was performed and in which gallstones were or had been present, foun 
Ri 61 per cent there had been no suspicion by the patient or his atte 
physician that gallstones did exist. Obviously, given the opportunity of c 
questioning by the physician during the patient’s life, not all of the 61 pe 
would have been classified as cases of silent gallstones but, after takiiij 
consideration this source of error, it seems that the percentage of sileni 
stones may well be high. When these data are considered in relation 1 
nding of Robertson and Dochat^ that in 16.3 per cent of 16,926 necn 
ga stones were present and that the proportion ranged from o.i per c( 
le first decade of life to 32.7 per cent in the ninth decade of life, c 
I'Dpressed not only with the large number of gallstones but also with the 
’*'* er of silent gallstones potentially present in the general population. 

PREVIOUS VIEWS ON TREATMENT FOR THE SILENT GALLSTONE 

rpV . 

calcul widespread agreement that surgical treatment is indicated 
disease of the gallbladder oroduces distressin? dvsDCDsia or 
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and when the complications thereof arise, but agreement that silent gallstones 
require surgical treatment is lacking. This has been true both in the early 
years and since cholecystography has permitted such a diagnosis frequently. 
Before 1924, the remarks of Kehr,® W. J. Mayo"* and Osier'" summarize the 
several attitudes of the day toward the silent gallstone. In 1901 Kehr stated 
that “quiet lying gallstones are no subject for treatment, for a persistent latent 
stage is almost as good as a cure.” On the other hand, in 1911, W. J. Mayo 
said: “Ten years ago we heard a great deal about ‘innocent’ gallstones which 
meant that gallstones existed without symptoms and that their presence was 
not suspected until postmortem examination brought them to light. . . . That 
temporary palliation can be procured with nonoperative treatment cannot be 
denied, but the cure of the patient can only' be brought about by' surgical means.” 
Osier® in the following year, 1912, said that surgical treatment of the gall- 
bladder was indicated “after repeated attacks of colic, in the presence of a 
distended gallbladder associated with attacks of pain or fever, and a stone in 
the common duct.” 

Since 1924 and the introduction of cholecy'stography' by' Graham and Cole 
the same variations in attitudes toward treatment of the silent gallstone may 
be found. White,® in 1928, stated that “many' silent gallstones show a gallblad- 
der wall that is bacteriologically negative. Cholesterol stones especially' lie 
dormant for years. Surgery should be based on symptoms, not on the mere 
presence of stones or low grade infection. I believe that most patients escape 
perceptible injury to other organs.” Mason and Blackford’ said in 1932: 
“We fear that occasionally surgical relief is advised because of refinements 
in the interpretation of symptoms together with new methods of diagnosis of 
gallbladder disease, rather than because of the former clinical sy'mptoms.” 
Musser® concluded in 1934 that “it is doubtful if interference is indicated for 
the first or even the second biliary colic if evidence of infection is lacking.” 
Andrews® said in 1936, “I think the opei-ation on silent gallstones is a scandal.” 

On the other hand, Lahey^® in 1938 expressed the conviction that there are 
no harmless gallstones “and that because of the above dangers [acute cholecys- 
titis and biliary obstruction] all gallstones should be removed. It has fre- 
quently been urged and practiced that a proper attitude to take toward 
gallstones is that operation should not be undertaken until they produce 
symptoms. If one deals with gallstone patients in large numbers one cannot 
help being impressed with the fact that this philosophy results in many 
situations and in many fatalities which would not have occurred had the 
operative procedure been undertaken earlier.” Cheever^^ shares Lahey’s 
opinion that “there are no harmless gallstones . . . that cholecystectomy 
should be advised unless special contraindications exist when the diagnosis 
of gallstones is made.” Carter, Greene and Twiss^® in 1939 said that “in every 
instance in which stones can be demonstrated to be present, surgery is indicated 
to prevent the dangers of acute ulcerative cholecystitis.” 

Fitz’^® in 1942 expressed the belief that the “most judicious therapy of 
‘silent’ gallstones may be different than in their later stages of symptomatic 
activity. . . . The very ease with which gallstones can now be recognized 
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by cholecystography may lead to errors in therapeutic judgment. ... It is not 
harmful to follow patients with 'silent gallstones’ for a time before advising 
surgery, and it ma}'- be helpful.” 

It is interesting to compare the views on this problem as stated in “Nelson’s 
new loose-leaf surgery” and “Nelson’s new loose-leaf medicine.” Whipple, 
writing in the former, concluded that “if the gallbladder is the seat of definite 
chronic inflammation and especially if the chronic inflammation is associated 
with gallstone formation, surgeiy is the only therapy that offers permanent 
and satisfactory cure.” Writing in the latter, Miller and Machella^® stated 
that “opinion is divided as to the propriety of operating in cases of stones in 
the gallbladder without symptoms and in which the diagnosis is made acci- 
dentally. Since such patients have gone through a long life without digestive 
symptoms, one would seem to be justified at least in postponing surgery until 
some symptoms develop.” 

Meakins’^® stand on this question should be considered. Concerning gall- 
stones, he expressed the belief that “their removal by operation is not indicated 
for the first, second, or even several attacks of colic. There may be lengthy 
intervals and the disability of an occasional attack may be relatively insig- 
nificant compared to the risk of operation, which is not inconsiderable, par- 
ticularly in elderly people affected with diabetes, obesity, hypertension, and 
myocardial degeneration, all or any of which are commonly associated with 
gallstones.” Christian,^'* in Osier’s “The Principles and Practice of Medicine,” 
expressed a view similar to that of Meakins : “The decision for or against 
surgical treatment should be made in the course of repeated attacks ; the single 
attack requires operation only in the unusual case of steadily increasing 
severity and evidence of severe infection. There are many patients in whom 
the symptoms are slight, for these surgical treatment is not indicated. . . . 
It is rare that cholecystectomy is advisable for the first attack, even though it 
IS severe and typical. The present author has long followed the policy just 
stated; in his patients it has led to no serious consequences that would have 
been avoided by early cholecystectomy. . . .” 

Watson,^® writing in Cecil’s “A Textbook of Medicine,” introduced 
another factor. He wrote, “In the usual case, however, cholecystectomy is 
indicated because of the many serious complications which gallstones may 
produce. . . . Furthermore, the important relation of cholelithiasis to the 
occurrence of primary cancer of the biliary tree must be taken into account.” 

Finally, the opinion of Clute and Kenney^® (^944) is that “in the great 
uiajority of simple or silent gallstones an early elective cholecystectomy is 

Wiser than an operation into which one is forced by the complications of the 
disease.” 


The wide divergence in opinion regarding the treatment of the silent 
gallstone probably arises from the lack of accurate data pertaining to the 
incidence of dyspepsia and colic and of the complication of calculous disease 
^ the biliary tract in cases of gallstones which are silent when discovered. 
^ n regarding the incidence of the several complications of calculous disease 
0 the gallbladder in large series of patients coming to operation are available 
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but these data do not apply to the incidence of the several complications in 
cases of silent gallstones. 

It is doubtful whether carcinoma of the gallbladder should be emphasized 
as a hazard of silent gallstones adequate to demand surgical intervention for 
its prevention. Not only is carcinoma of the gallbladder relatively rare but also 
it appears that this neoplasm is found most frequently when symptoms of 
cholecystitis have been present for many years. Jaguttis,-® in 1926, reported 
that cancer of the gallbladder developed in five of his 114 patients who had 
had symptoms of cholecystic disease for 10 to 25 years. Vadheim, Gray and 
Dockerty-^ found that symptoms of disease of the biliary tract had been present 
in their 77 cases of carcinoma of the gallbladder for an average of 14.2 years 
in 80 per cent of the patients. 

Similarly, the incidence of stone in the common duct appears to be related 
to the duration of symptoms. In a study by He3'd-- of 1,270 cases in which 
symptoms of gallstones had been jjresent for two j^ears or less, the incidence 
of stones in the common duct was 1.9 per cent. In another group of patients 
in which the symptoms of cholecystic disease had been present for 10 to 25 
years, Heyd found the incidence of stones in the common duct to be 16.0 per 
cent. So long as the stone remains silent, the chances are that its site in the 
common duct must be small. 

DATA OF VALUE IN DETERMINING POLICY ON TREATMENT 

To decide for or against surgical treatment of silent gallstone, the physician 
should have certain information. He should know in how many cases of silent 
gallstone dyspepsia, and in how many cases colic, appears at a later date. He 
also should know in how many the complications of calculous disease of the 
gallbladder develop. Also, it would be of value to know how frequently 
complications occur with the first attack of colic. Such data would be valuable 
in establishing the risk to the patient who has silent gallstones of deferring 
surgical intervention until the first attack of colic, because the mortality of 
cholecystectomy for uncomplicated disease of the gallbladder is about 0.5 
per cent and for complicated disease of the gallbladder, 3 per cent in the hands 
of an experienced surgeon. These data are needed for evaluation before one 
is able to decide whether or not a patient who may never have incapacitating 
dyspepsia, an attack of colic or complications, should undergo a surgical 
procedure which carries a risk of at least 0.5 per cent. 

MATERIAL AND METHODS OF STUDY 

In the hope of supplying some of the data not now available but necessar)^ 
for decision regarding treatment of the silent gallstone, a long-term follow-up 
study of all cases in which gallstones were found incidentally during the course 
of some other abdominal operation at the Mayo Clinic was carried out. The 
records of 998 such cases occurring from 1925 through 1934 were reviewed. 
Approximately a half of these were discarded as unsuitable for long-term 
follow-up because the operation had been for cancer. Many others, including 
those with duodenal ulcer, were discarded because some of the abdominal 
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symptoms might have been due to the cholelithiasis. Follow-up letters were 
sent to 184 persons. Replies were received from 115 (62 per cent). Each 
patient was asked if indigestion or colic had preceded the discovery of the 
gallstones and several replied that symptoms had been present, so that these, 
too, were discarded. Finally, 112 cases were considered suitable for study. 
The average age of the 112 patients was 48.2 years when the gallstones 
were discovered. 


RESULTS OF STUDY 

The first report on the course of the calculous disease of the gallbladder in 
these 1 12 patients will be given. 

In 30 cases indigestion developed and it is assumed that the indigestion in 
each case was due to the disease of the gallbladder. Under the term “indi- 
gestion” are included those cases in which such symptoms as gaseous indi- 
gestion, intolerance to certain foods, and heartburn developed, as the only 
abdominal distress. The severit)’’ of the indigestion varied; some patients 
were bothered occasionally, a few were able to control all symptoms by diet 
while others felt that the indigestion was incapacitating. 

Twenty-one patients reported colic; more than half had experienced 
more than one attack of colic, but several who had had frequent and severe 
attacks of colic found that sooner or later the attacks had subsided so that 
they had had no symptoms whatsoever for years. Five of the 21 patients had 
both colic and jaundice; of the five, four had had slight jaundice which 
followed an attack of colic and was transient only. The fifth patient under- 
went operation immediately after the first attack of colic and jaundice. 

In a total of 51 (45.5 per cent) of the 112 cases symptoms developed. 
In 24 of these 51 cases cholecystectomy was performed. Three of the 24 
patients died postoperatively. The death of the patient who underwent oper- 
ation at this clinic was due to pulmonary embolism. Of the two who under- 
went operation elsewhere, one death was reported by the patient’s relatives 
to be due to subphrenic abscess and the other to a “weeping” liver. In 61 
( 54-5 per cent) of the 112 cases abdominal symptoms did not develop before 
death or have not developed since the discovery of the gallstones. 

It is of interest that 28 of the patients have died. Of the 28, 21 did not, 
so far as can be ascertained, experience symptoms prior to death but seven 
did so. The cause of death was unknown in four cases, while death was due 
to cancer in six, to heart disease in five, to infectious disease in five, to cerebral 
accident in four, to amputation of the leg in one, and followed cholecystectomy 
in three. In not one of the six cases in which the patient died of cancer was 
the gallbladder the seat of the cancer. 

COMMENT 

Although we recognize the limitations of the information obtained by 
follow-up letters, none the less, this study furnished interesting and thought- 
provoking data. Although these data do not give conclusive information 
about the risk of nonoperative and operative treatment of the silent gallstone, 
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they are noteworthy on this basis : that the patient with silent gallstone may be 
told that he has about an even chance that symptoms will develop, that he 
has about one chance out of five that painful seizures will develop and a small 
chance that jaundice will develop within ten to 20 years. In addition, he should 
be told that the risk of surgical intervention at the best is about 0.5 per cent 
when cholecystectomy is performed before complications develop, that the risk 
will increase to about 3 per cent if he defers surgical intervention until com- 
plications develop, or old age and physical debilities appear, but that the 
increase in risk is counterbalanced by the fact that if he defers surgical inter- 
vention he may never require operation. It is not possible on the basis of 
information now available to tell the patient whether the risk is greater or 
smaller if operation is performed while the gallstones are silent than if it is 
postponed until symptoms develop. Certainl}’’, the mortality rate will be low 
regardless of the choice made. 

The reaction of the patient to his problem will be an important determining 
factor. Many patients will prefer to have gallstones removed in order to elim- 
inate the threat of painful seizures or severe complications. Others, knowing 
the higher risk of sm-gical intervention should complications develop, will 
prefer to take the chance that no symptoms will develop. Surgical treatment 
of the silent gallstone may be classified as optional or elective surgery, but 
surgical intervention should not be postponed after symptoms, and more 
especially after attacks of colic, appear. 

CONC1.TJSIONS 

Developments over a period of ten to 20 years in 112 cases of silent gall- 
stones have been ascertained. In 61 cases symptoms did not develop. In the 
51 cases in which symptoms occurred, 30 patients complained only of dyspepsia 
and 21 experienced painful seizures. Five of the 21 patients experiencing 
painful seizures also had jaundice. 

Cholecystectomy may be advised but need not be urged, if the patient 
prefers to accept the chance of experiencing painful seizures or the increased 
risk of surgical treatment in the event the complication of calculous disease 
of the biliary tract appears. 
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The work of Blakemore and Lord/ Whipple,- and Blakemore,"^ has 
established portacaval shunt as an effective means of treating portal hyper- 
tension in properly chosen cases. The indication for, the results of, and the 
problems attending this operation have recently been reviewed by Blakemore."’ 

The usual approach for portal vein shunt operations (portacaval or 
splenorenal), is through a wide transverse or an extensive left paramedian 
abdominal incision. By means of pressure readings of the various parts of 
the portal system, one can determine whether a portacaval or splenorenal 
anastomosis is indicated. In general, if either one can be used, as is the case 
in the intrahepatic block of cirrhosis of the liver, the portacaval shunt is the 
more desirable, since it offers a larger shunt.® The difffculty with the porta- 
caval procedure, however, lies in the fact that the exposure is hardly adequate, 
necessitating working in a small area under the costal cage, in a deep wound. 
For this reason many surgeons have been employing the less efficacious but 
easier splenorenal shunt in instances of intrahepatic block. 

It occurred to the writer that a transthoracic, thoraco-abdominal approach 
to the hilum of the liver would not onty gwe more direct access to the region 
and present the structures of the hilum and inferior vena cava more super- 
ficially but would permit freer mobilization of the liver by permitting its 
dislocation into the right thorax through the incised diaphragm. Moreover, 
by placing the patient in a true lateral position, with the right side up, the 
relationship of the common duct and hepatic artery to the portal vein could 
be altered from the surgeon’s point of view; the portal vein would now be 
lying to one side instead of behind the above-named structures, thereby 
excluding tbe necessity of dissecting the common duct and hepatic artery in 
order to reach the portal vein. Finally, because of the better exposure and 
the freer mobilization of the tissues in this region, it would be possible to 
dissect out the portal vein beyond its point of bifurcation; the branches of 
the portal vein could therefore be tied and a greater length of the portal vein 
be preserved for its anastomosis to the inferior vena cava. Obviously, the 
added adA'^antage of the greater mobilization of the portal vein lies in the fact 
that there is less danger of tension at the suture line. Then, too, by ligating 
the branches of the portal A’^ein, the stump is reduced to a minimum, thereby 
reducing the possibility of an ascending thrombosis initiating in a blind 
A^enous pouch. 

* Submitted for publication February, 1948. 
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With these advantages in view, starting on January 17, 1948, six dogs 
were subjected to the thoraco-abdominal approach for portacaval anastomosis. 
In four dogs an incision was made along the course of the ninth rib, from the 
right lateral margin of the erector spinae muscles to the lateral border of the 
right rectus muscle. In two dogs the thoraco-abdominal approach was made 
through the eighth interspace. Either method can be used, depending on the 
individual surgeon’s preference for rib resection or intercostal incision. It 



., I- — The exposure made possible by thoraco-abdominal approach : i. Finochietto 

nb spreader between eighth and tenth ribs; 2. Lower lobe of the right lung; 3. Upper ' 
If f diaphragm ; 4. Liver. Note marked cirrhosis ; 5. Clamp points to lower 

leat of severed diaphragm. The wound extends well to the right of area shown in 
this picture. 

may be advisable in some instances to resect the eighth rib, depending on the 
size of the liver. In each dog the costal cage was opened under positive 
pressure anesthesia and the diaphragm incised along the line of the wound 
in the direction of its fibers. The incision was extended through the abdominal 
muscles to the lateral border of the right rectus muscle, and the peritoneum 
m this region was opened so as to unite the right hemi-thorax with the 
abdominal cavity. The intestines were packed awa}^, and the hiluni of the 
liver, the right kidney, the right adrenal gland and the inferior vena cava were 
easily exposed. The peritoneum over the inferior vena cava was incised and 
the inferior vena cava was mobilized from the renal vein to the point where it 
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passed under the liver. The portal vein was then approached ; it was clearly 
discernible to the lateral side of the common duct and hepatic artery. The 
portal vein was mobilized along its entire length, up to the point where it 
enters the substance of the liver after branching. It was ligated beyond the 
point of bifurcation and transfixed by suture-ligature just at the point of 
bifurcation. The lower portion of the portal vein was compressed by means 
of a Blalock clamp. .A clamp with a deep curve was then placed over the 



Fig. 2. — Following retraction, the structures to be dealt with are 
exposed: i. Inferior vena cava. Note strands of adventitia not yet dissected 
away ; 2. Liver ; 3. Portal vein ; 4. Common duct pointed out by clamp. 


right superior aspect of the inferior vena cava above the renal vein so that 
the passage of blood would not be obstructed during the anastomosis. A piece 
of vein between the clamp was excised so as to prevent closure of the aperture 
postoperatively. A direct end-to-side anastomosis between the portal vein and 
the inferior vena cava was successfully carried out in all six dogs by use of an 
everting suture, as described by Blalock,® thereby effecting an intima to 
intima approximation of the vessels. No. ooooo braided black silk on an 
atraumatic needle was used. 


940 


Volume 12S 
Number 5 


PORTACAVAL ANASTOMOSIS 


On January 28, 1948, this technic was employed on a 45-year-old male 
patient suffering from cirrhosis of the liver ; he had experienced four episodes 
of nearly exsanguinating hemorrhage from rupture of esophageal varices, and 
at the time of operation exhibited a moderate degree of ascites. The operation 



Fig. 3. — Completed posterior layer of anastomosis; i. Stilles rubber-shod kidney 
Clamp on inferior vena cava; 2. Blalock clamp; 3. Portal vein; 4. A forceps holding away 
anterior layer of portal vein. Note the intima-to-intima anastomosis of these vessels. 


was performed under intratracheal cyclopropane anesthesia, with the patient 
lying on his left side in the true lateral position, supported by a sand bag 
under the left loin. The ninth rib was resected subperiosteally from its angle 
to the costochondral junction. The costochondral junction at this point was 
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cut through, connecting the right thorax with the abdomen. The diaphragm 
and the muscles were incised along the line of incision. Bleeders from the 
edges of the diaphragm were clamped and ligated. The intestines were packed 
away and, because of the posterior lateral exposure afforded by this approach, 
the need for resection of adhesions from a previous anterior abdominal oper- 
ation was completely obviated. An excellent view of the hilum of the liver, 
the right kidney, and inferior vena cava was obtained. The peritoneum lateral 
to the inferior vena cava was incised. At this time the right adrenal gland 
was brought clearly into the field. The inferior vena cava was mobilized and 
vaselinized umbilical tape was passed around it for better control of the 
vessel. Beginning laterally, so as to avoid injury to the common duct, the 
portal vein was then mobilized from its origin to beyond the point of its 
bifurcation. It was possible easil)'^ to mobilize the common duct along its 
entire length, suggesting the value of this approach for difficult hilar repara- 
tive surger}^ of the common duct. The hepatic artery did not come into view 
during the entire procedure. By means of a Lahey clamp, the right and left 
branches of the portal vein were dissected out, and double No. 24 cotton 
ligatures were passed around each. Vaselinized umbilical tape was placed 
around the lower region of the portal vein, and a small tributary to the portal 
vein near the hilum of the liver was ligated and cut. The portal vein was then 
placed between the jaws of a Blalock clamp. At this time an attempt was made 
to take pressure readings of the portal A^ein but unfortunately the manometer 
system did not work satisfactorily. The Blalock clamp was then closed and 
the sutures Avhich had been placed around the branches of the portal vein 
were tied. A transfixion suture-ligature of No. 24 cotton Avas then placed in the 
portal vein at the point of bifurcation. The portal vein Avas cut transversely 
between the ligatures and the Blalock clamp Avhich had been placed Avell aAvay 
from the transfixion ligature. By using the handle of the clamp for traction, 
mobilization of the portal vein circumferentially Avas easily performed doAvn 
to the origin of the vessel. A Stille’s rubber-shod kidney clamp AA^as then 
placed on the inferior vena caA^a above the renals, as described in the discussion 
of the animal Avork.* 

An incision Avas made longitudinally into the inferior vena cava for about 
3 cm., corresponding to the Avidth of the seA^ered portal vein. A portion of the 
inferior A'^ena cava AA^as excised along the line of incision (approximately 2 mm. 
in the center and i mm. at the ends),* so as to preclude the possibility of 
postoperative spontaneous closure. The site selected for anastomosis insured 
against any possibility of angulation. A direct-end-to-side intima-to-intima 
anastornosis betAveen the portal vein and inferior vena caA^a Avas then 
established by means of a running everting mattress suture. The suture Avas 
tied on the outside at one end and continued across the posterior layer to the 
opposite margin Avhere a knot was again tied on the outside. These knots 
prcA'^ent pursestringing of the suture line. The anterior layer Avas likcAvise 

* A special A'ena caA^a clamp and a curved long-handled scissor for excising a portion 
of the vein have since been devised. (They are manufactured by George P. Pilling and 
Son Company, Phila., Pa.) 
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closed with an everting running mattress suture. A single tension suture was 
placed at each side of the anastomosis and one of the free ends of these 
sutures was tied to a free end of the anastomatic sutures. During the per- 
formance of the anastomosis, the accessible intima of both the inferior vena 
cava and portal veins were repeatedly irrigated with a heparin-saline mixture 
(one-half cc. heparin to a medicine glass full of saline), as suggested by 
Blakemore.’^ With the good exposure afforded by this approach, the curve of 
the needle on the No. ooooo braided black silk proved to be most satisfactory. 



Fig S — Anastomosis shown after removal of clamps: i. Liver; 2. Portal 
vein; 3 Suture line; 4 Inferior vena cava; 5. Clamp points to right renal 
vein entering inferior vena cava; 6. Right adrenal gland lies in this area 


After the completion of the anastomosis the Blalock clamp was released. 
There was slight leakage through the small apertures in the vessels made by 
the passage of the needle. In a few moments, however, the suture line became 
perfectly dry. The kidney clamp was then removed, and blood was seen to 
course through the portal vein up into the inferior vena cava very rapidly. 
The shunt was more than adequate, measuring approximately 2^ cm. in 
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diameter, and the strength of the one-layer suture line was put to visible test 
by the fact that with the patient lying on his left side maximum pull was 
exerted on the anastomosis by the weight of the intestines. A mixture of 
plasma and thrombin was injected into the region of the anastomosis. The 
rent in the posterior peritoneum was sutured. Fifty thousand units of 
penicillin was placed in the peritoneal cavity and another 50,000 units in the 
chest. The peritoneal cavity was closed. The diaphragm was repaired with 
interrupted imbricating mattress sutures, and the chest and abdomen were 
closed in layers. An intercostal drainage tube below the line of incision was 
placed in the chest and connected with a water-sealed drainage system. 
Cotton suture technic was employed throughout. Actual operative time was 
approximately four hours. The author feels quite sure, however, that in the 
future the portacaval shunt can be performed in well under three hours by 
means of this approach. 

The severe portal hypertension that existed in this patient and the great 
speed with which the blood rusbed through the anastomosis, coupled with the 
precaution of having excised a portion of tlie inferior vena cava before com- 
mencing the anastomosis gave assurance that the shunt would not close oft. 
and argued against the need 'for postoperative parenteral administration 
of heparin. 

Three pints of blood were used during the operation. Postoperatively, 
the patient was placed in the Trendelenburg position so as to prevent gravity 
drag on the portal vein ; this was maintained for 48 hours, at which time it 
was felt that sufficient adhesion formation had fixed the portacaval anastomosis 
and the adjacent tissues in a favorable, tensionless position, and obviated the 
possibility of postoperative angulation due to variations in posture. The 
patient received parenteral fluids for three days and was permitted out of bed 
on the fourth postoperative day. A detailed account of the medical aspects of 
this case and the results obtained by this procedure will be reported in a 
future communication. 


DISCUSSION 

A direct anatomic approach to the hilar structures of the liver seemed a 
logical and necessary step if surgeons' hope to advance and popularize surgical 
procedures on these structures. The writer felt, for instance, that portacaval 
anastomosis, physiologically valuable in the treatment of portal hypertension, 
was not taking its proper place because of a technically difficult and unbeliev- 
ingly time-consuming approach requiring from 7 to 12 hours by the abdominal 
route. The average physician hesitates to entrust a bad risk patient to the 
average surgeon for so traumatic a procedure. \\'ith the above de.-^cribed 
approach, however, portacaval anastomosis becomes a relatively simple oper- 
ation, carrying no more technical difficulty than already mastered abdominal 
and thoracic operations. 

An objection to the thoraco-abdominal approach may be raised by those who 
feel that it is imperative to obtain pressure readings of the portal system at 
the time of operation, and that a .surgeon should be free to make a choice 
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between portacaval and splenorenal anastomosis. In most instances, a diag- 
nosis usually can be made preoperatively or at a previous operation. However, 
the objections would be well taken wei'e it not for the fact that in the 
thoraco-abdominal approach the abdominal portion of the incision could be 
made first, and pressure readings taken. If a splenorenal anastomosis is 
decided upon,. the incision could be enlarged to the left side so as to permit 
adequate exposure for this procedure. If, on the other hand, a free choice 
exists, then by all means the larger portacaval shunt is desirable and could 
be performed more easily than the splenorenal shunt, by extending the incision 
over the costal cage. By means of the thoracoabdominal approach the porta- 
caval anastomosis is certainly easier to perform than a splenorenal shunt, 
where often exsanguinating hemorrhage is encountered in dealing with an 
enlarged spleen complicated by perisplenitis and extensive collateral circula- 
tion. Moreover, the thoracoabdominal approach reduces to an absolute mini- 
mum the handling of bowel, and thereb}'^ avoids troublesome ileus. 

Because of the excellent exposure of the entire length of the common duct, 
the approach described is strongly ui'ged for reparative common duct surgery 
whei'e reconstruction work must be carried out close to the hilum of the liver. 
It will also prove most useful for easy and complete exposure of the right 
adrenal and should result in a wider scope of activity in dealing with conditions 
involving this gland. 


SUMMARY 

A new approach for a portacaval anastomosis, common duct surgery, 
and right adrenal gland surgery has been described. The advantages of this 
transthoracic, thoraco-abdominal exposure are as follows : 

1. The structures in the hepato-gastric omentum are approached from the 
lateral aspect, thereby presenting the portal vein to the side of the common 
duct and the hepatic artery. 

2. The liver can be dislocated into the right hemi-thorax, since the dia- 
phragm no longer restricts- mobilization of the liver as it does in the abdom- 
inal approach. 

3. Access to the hilum of the liver is simplified, enabling ligation of the 
right and left branches of the portal vein instead of tlie portal vein itself. High 
ligation not only affords a longer segment of portal vein for anastomosis but 
reduces the chances for thrombosis formation in a blind venous pouch. 

4. Exposure is wide because of the free spread of the ribs and the free 
communication of the chest and abdominal cavities. 

5. The liver hilum structures and the inferior vena cava are presented more 
superficially than when the patient is placed on his back. 

6. With the patient lying on his left side the suture line supports its 
maximum tension, and dependability may be visualized at the time of operation. 

7. Handling of the intestines is avoided, thereby reducing to a minimum 
postoperative ileus. 

8. The troublesome venous collateral circulation is easily coped with by 
this direct exposure ; more importantly, it is practically avoided. 
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9. By employing the thoraco-abdominal route, portacaval shunts will be 
favored over the less desirable splenorenal junctures, and will make tor a less 
hazardous postoperative course since the use of heparin is scarcely called for 
with the larger portacaval anastomosis. 

10. Pressure reading of the portal system can be taken at the time of 
operation simply by performing the abdominal portion of the thoraco-abdominal 
wound first. 

11. Little chance for postoperative incisional hernia exists, since the 
abdominal portion of the wound constitutes a small part of the entire incision. 

12. Excellent exposure is offered by this route both for reconstructive 
surgery of the common duct where the injury is close to the hilum of the liver 
and for right adrenal gland surgery. 

CONCLUSIONS 

The thoracoabdominal approach as described by the author and as 
successfully performed by him on a 45-year-old male patient with cirrhosis of 
the liver appears to be the procedure of choice in dealing with portacaval 
anastomosis, reconstniction of the common duct close to the hilum of the 
liver, and surgery^ of the right adrenal gland. 
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THE RIGHT THORACO-ABDOMINAL APPROACIH 
John P. Heaney, M.D, 

Houstok, Texas . 

AND 

George H. Humphreys II, M.D. 

New Youk, N. Y. 

The need for an approach to the contents of the right upper quadrant 
of the abdomen which would provide more satisfactory exposure, has long been 
appreciated. This has been especially true in regard to patients with biliary 
tract disease who are, as a rule, quite obese. 

Numerous surgeons, including one of us (J, P. H.) had occasion during 
the war to operate upon patients with wounds involving both the thorax and 
abdomen which required exploration of both cavities, on the right side as well 
as on the left. Thus far, we have not heard of the elective use of an approach 
to the right upper quadrant via a segmental tboraco-abdominal incision, 
although Carter has speculated about the possibilities of such an incision for 
lesions of the right lobe of the liver. 

For an appreciable period, we have had under consideration the right 
thoraco-abdominal approach which, it was believed, might offer the solution 
sought to the problem of exposure. At first, it seemed apparent that the right 
lobe of the liver would certainly become more readily accessible for safe 
surgical attack, not only because of the exposure of the lobe per se but because 
the inferior vena cava might also be reached and temporarily controlled during 
the process of excision, above the liver as well as below. 

Further, it occurred to us that in procedures upon the biliary tract through 
the conventional abdominal route, it was primarily tbe immobility of the costal 
margin which prevented good exposure. By using the segmental thoraco- 
abdominal incision, the costal margin might thus be eliminated as a barrier. 
The right lobe of the liver could then be gently rotated backward and upward 
into the dower thorax through a radial diaphragmatic incision. As a result, 
the biliary tract and poi'ta hepatis, which usually nestle deep in the posterior 
part of the right upper quadrant, overhung by tbe liver, would be exposed 
easily and consistently in a manner heretofore achieved only occasionally and 
then, as a rule, in thin patients. 

With these ideas in mind, the incision was first used in the anatomy 
laboratory. Through it, a complete dissection of the extrahepatic biliary tract, 
caval, and pancreatico-duodenal regions was performed. Although the tissues 
were fixed and the liver lobe rigid, we were encouraged to believe that this 
approach might indeed be worthwhile. 

The maneuver was next tried in dogs. Because of the lobulated nature 
of the canine liver, it was necessary to reserve judgment as regards the 
mobility of the liver in man, but these animals served to illustrate that if the 


* Submitted for publication. May 1948. 
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liver could be readily retracted as believed, then certainly the anatomic parts 
to be dealt with would be adequately uncovered. 

The last phase of the preliminary work was done in the postmortem room 
where the tissue.s. when relatively fresh, are as nearly of the same consistency 
as in the living patient. This work demonstrated clearly that the procedure 
deserved clinical trial. 

It was decided that the first case should be a simple cholecystectomy in 
order that if the patient presented any complication not foreseen by the pre- 



X 

Fig. I. — The patient is placed on a horizontal table with sand bags beneath the right 
shoulder and buttock and with the abdomino-thoracic region centered over the “break.” 
The table should be of the type which permits rotation in its long axis. This movement 
facilitates access to any part of the wound. 

liminary work, it might still be feasible to remove the organ through the 
abdominal segment of the incision in a more nearly conventional manner. 
However, the most obese patient available was selected in order to put the 
presumed advantages of the procedure to real test. 

CASE REPORT 

On May 7, 1947, a 45-year-old, Para IV, Puerto Rican housewife presented her- 
self because of severe right upper quadrant pain of 24 hours’ duration. For 14 years she 
had suffered from intolerance to fatty foods with indigestion and belching. This was 
sometimes accompanied by right upper quadrant and epigastric discomfort which infre- 
quently radiated through to the scapular region. During attacks, she occasionally had 
nausea and vomiting but had never had chills, fever or jaundice. The episode which 
brought her to the hospital seemed more severe than previous ones. She vomited more 
intensely and felt chilly” but did not record her temperature. The pain radiated to the 
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lower angle of the right scapula and to the right shoulder. She had noted that her 
urine was darker than usual, but two stools passed after onset of her present illness were 
normal in color. She had never had typhoid fever. Past history and inventory of 
systems were otherwise non-contributory. 

Physical Examination . — Temperature 100.2; Pulse 80; Weight 195 lbs.; Height 61.” 

The patient was a well developed, very obese woman in no distress. The skin and 
sclera were clear. The abdomen was protuberant with a very thick abdominal wall. 
There was moderate spasm in the right upper quadrant with direct and rebound tender- 
ness in that area. No mass or viscus was palpable. The remainder of the physical exam- 
ination revealed no further relevant abnormal findings. 


/ 


Ext Oblique 

Intercostal xM. 

8 th. rib 

-Ant Serratus yH.. 



Fig. 2 — The abdomen has been entered; an exploiation can be made through this 
segment of the wound The 8th rib is then resected subperiosteally after which the 
costal margin is divided Some operators might prefer an intercostal approach. 


The impression at the time of admission was: 

1. Acute cholecystitis superimposed on chronic cholecystitis with cholelithiasis 

2. Obesity. 

Laboratory Findings . — Studies following her admission revealed a serum bilirubin of 
3.6; alkaline phosphase 6.4; white blood count 10,100 with 53 per cent polymorpho- 
nuclears; the urinalysis showed four plus bile. An electrocardiogram was negative as 
was a chest film. On symptomatic care and a low fat, low caloric diet, the patient 
improved. A cholecystogram on the nth hospital day revealed the presence of dye in the 
gallbladder with a 3 cm area of translucency, which was interpreted as a single large 
stone. She was, therefore, prepared for cholecystectomy and operated on the 14th hos- 
pital day. 

Pathologic Findings . — The gallbladder was moderately distended and contained several 
large facetted stones, one of which was tightly impacted in the ampulla. The cystic duct 
was thickened but the common duct showed no evidence of disease. The duodenum, head 
of the pancreas, right lobe of the liver, and stomach presented no abnormalities. 
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Fig. 3. — The addition of the radial incision to the diaphragm, from costal margin to 
dome, reveals the antero-superior surface of the liver. The lower lobe of the lung is 
evident above; the gallbladder, fundus and colon appear below. Note the cut edges of the 
diaphragm which have been separated, along with the mural components of the incision, 
by the Finochetto retractor. 



right lobe of the liver has been turned upward through the diaphrag- 
thereby uncovered^"^ lower chest. The structures formerly overhung by the liver, are 
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operative Pi ocednre. On May 22, 1947, tlie patient was anestlietized with a combi- 
nation of agents administered intratrachealb'. A long curved incision was made overlying 
the ninth interspace. It extended fiom the mid-axillary line downward and forward across 
the costal margin, and over the abdomen to the linea alba at a point 5 cm. above the 
umbilicus. This incision was carried through the subcutaneous tissue to expose the 
external oblique muscle and anterior rectus sheath. The latter was divided transversely 
as was the right rectus muscle. The external oblique muscle was split in the direction 
of its fibers, whereas the internal oblique, and transversus abdominis muscles were 



Fig. 5 . — This enlargement, which shows the duodenum reflected, was made from a 
dissection in the postmortem room. It illustrates the extensive exposure of the biliary 
tree and allied structures, which is possible through this approach. 


transected in the line of the incision. The common costal cartilage was divided between 
the gth and loth ribs and the chest entered through the 9th interspace. The abdomen was 
then entered by means of a radial incision in the diaphragm which extended from its 
periphery at the point of division of the costal margin, to the right dome. Following 
this the peritoneum was divided throughout the length of the abdominal segment of the 
wound. A Finochietto retractor was placed between the 9th and loth ribs and spread. In 
this manner, the wound was held wide open without other retraction. Next, the right 
lobe of the liver was gently rotated upward through the diaphragmatic defect into the 
right lower chest, exposing the gallbladder, the porta hepatis, the gastrohepatic omentum, 
the vena cava and the pancreatico-duodenal region admirably, in spite of the patient’s 
great obesity. The stomach and hepatic flexure were packed off with moist abdominal 
pads ; several filmy adhesions between the duodenum and gallbladder were divided. The 
common and ci'stic ducts were identified and isolated as were the common hepatic duct, 
and the right and left hepatic ducts with their accompanying vessels. This dissection 
permitted unusually extensive study of the duct system. The cystic duct was then divided 
between clamps. The proximal end was ligated with a transfixion suture of No. 000 
Deknatel. The cystic artery was also divided and ligated with the same material. The 
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gallbladder was dissected from the liver, from ampulla to fundus, without difficulty after 
which the bed was repaired with interrupted silk sutures. The peritoneum over the cystic 
duct stump and in the region of the porta hepatis was also approximated by means o^ 
interrupted sutures. After the liver had been replaced in its normal position, a cigarette 
drain was inserted into Morrison’s pouch and brought out along the gallbladder bed 
through the abdominal part of the incision. The diaphragm was then closed with inter- 
rupted No. 000 Deknatel. A single suture of No. o Deknatel was used to approximate the 
cut edges of the costal margin. The thoracic and abdominal mural components of the 
incision were then closed anatomically with interrupted sutures of No. ooo silk. The 
patient’s condition during and after operation was excellent. 



Fig 6.-— The liver has been retracted downward ; the diaphragm edges are suspended 
means of silk sutures to show the position of the inferior vena cava above the liver, 
i he liver lobe is also outlined to demonstrate its position. (See Text.) 


Postoperatively, the temperature rose to 100.2 on the first day; 102.6 on the 
second; 101.8 on the third and then declined gradually to normal. This fever was due in 
^rt to transient atelectasis of the right lower lobe, which responded to coughing efforts, 
er convalescence and wound healing were otherwise favorable and uneventful. She was 
ISC arged on the xsth postoperative day. She has been followed in the outpatient clinic 
since operation and has remained well. 


DISCUSSION 

This cholecystectomy was performed with ease in spite of the patient’s 
unusual obesity. There was no tugging upon retractors and no difficulty in 
exposuie. The right lobe of the liver was easily rotated upward into the 
ower thorax and produced no change in the patient’s general well being, 
lere was no torsion of the inferior vena cava or structures of the hepatic 
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trinity. The cystic duct and artery were dealt with under direct vision in a 
wide open wound, rather than in one oA'erhung by the liver, costal margin and 
abdominal wall. Not only was the common hepatic duct readily accessible 
throughout its entire extent, but each of the right and left hepatic ducts was 
accessible over a distance of to 2 cms., permitting unusual certainty in 
palpating for stones or, had it been necessary, the performance of high biliary- 
intestinal anastomosis. 

The phase of the operation which was potentially the most hazardous, 
namely, the division of the cystic artery and duct, was rendered less so 
because of the exposure afforded by the maneuver of displacing the liver into 
the chest. This latter act is accomplished by turning the right lobe upward 
and outward so that the inferior surface, which originally faced downward 
and posteriorly, comes to face anteriorly and still slightly downward. The 
liver does not rotate as if upon a hinge but readily molds into the position 
sought in a “fluid” type of movement. During the process, the portal fissure 
opens in the same manner as a single pleat of an accordion, thus bringing into 
view a greater extent of the biliar}'' tree. 

Our particular patient brought out only one unforeseen difficulty. The cut 
edges of the diaphragm retracted so that at the peripheral part of the diaphragm- 
atic incision, it was not easy to suture the edge because of the friable liver 
beneath and the unyielding rib superficially. It is probable that a rib resection 
would make closure less difficult. 

We do not believe that this approach should supplant the ordinary para- 
costal or right rectus incision for cholecystectomy in the average instance but 
it does offer an additional degree of exposure for exceedingly obese cases. It 
should be useful in secondary and tertiary operations upon the biliary tree, 
when anatomical landmarks have been obliterated by adhesions from previous 
procedures. It would seem ideal for plastic operations upon the duct system. 
Secondly, the pancreatico-duodenal region was also superbly exposed, though 
this latter region was not the one in which we were primarily interested. We 
have witnessed numbers of pancreatico-duodenectomies through both trans- 
verse and vertical abdominal incisions in which that opei'ative field was less 
well exposed than in this case. Thirdly, the portal vein and inferior vena cava 
are readily evident' throughout much of their proximal extent; as a result 
the incision should be useful in performing portocaval anastomosis.* Fourthly, 
the right lobe of the liver is exceptionally well exposed and its removal might 
be made safer by the temporary control of the inferior vena cava above the 
liver, as well as below. Fifthly, in selected patients who have an unusually 
high diaphragm, in addition to their other indications for the approach, it is 
possible that the contents of the right upper quadrant might be satisfactorily 
exposed through the chest and diaphragm alone, without the addition of the 
abdominal mural segment of the incision. Thus the gallbladder might be more 

* This approach has recently been used by Dr. Arthur Blakemore in a case of portal 
hypertension. Portocaval anastomosis was accomplished with excellent exposure. Post- 
operative recovery was uncomplicated. 
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easily removed in some cases through the chest than through the abdomen, just 
as splenectomy and gastrectomy are sometimes more satisfactorily accom- 
plished from above, on the left side of the abdomen. The incision should also 
be valuable in the occasional inflammatory or neoplastic lesion which traverses 
the diaphragm to involve both the right lower lobe of the lung and the right 
lobe of the liver. 

Lastly, if one encounters unusual difficulty while operating upon right 
upper quadrant structures through a conventional abdominal incision, the 
segmental mural and diaphragmatic components may be added to obtain the 
additional exposure which is so valuable in time of need. This combination 
of ordinary abdominal incision, ]5lus subsequent addition of the segmental 
components, has been used to advantage on the left in numbers of cases, 
without compromise of circulation of the flaps so formed. 

CONCLUSION 

We believe that the right thoraco-abdominal segmental approach offers 
valuable additional exposure in properly selected operations upon the biliary 
tree, the pancreatico-duodenal region, the poi'tocaval region and the right lobe 
of the liver. 

If unexpected technical difficulties are encountered in the right upper 
quadrant and additional exposure would be advantageous, it can be used as 
an adjunct to the ordinary right rectus, paracostal, or transverse abdominal 
incisions. 
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EXPERIENCE WITH THREE THOUSAND CASES OF 
BRACHIAL PLEXUS BLOCK; ITS DANGERS 

Report of a Fatal Case 

Juan Sala ue Pablo, M.D., and J. Diez-Mallo, M.D, 

Soria. Spaix 

FROM Tlin ORTHOPEDIC SERVICE OF DR. GO-MZALEZ-AGUIEVR, C \S \ DE STI.UD ‘‘VAI-DECII.I. V,” 

SANTANDER, SPAIN 

In July of 1936 we published a paper dealing with 250 cases of Block 
Anesthesia of the Brachial Plexus.-® We expressed at that time our surprise 
at the lack of interest which the majorit}' of surgeons manifest in this pro- 
cedure. Moreover, we pointed out that a definite dearth of literature existed 
concerning brachial plexus block. Shortly after our report in July of 1936 a 
thesis for doctorate^’’ was published dealing with 403 cases of block anesthesia 
of the brachial plexus. 

Owing to the great number of war casualties with wounds of the upper 
extremities which came under our care at the Orthopedic Services of the Casa 
de Salud-Valdecilla and the Hospital Militar Cantahro, we have been able to 
compile 3000 cases in which block anesthesia of the brachial plexus has been 
used. In the present paper we shall not discuss fundamental considerations 
of this procedure, nor anatomic details and technics. Instead, drawing 
from our experience, we shall confine ourselves to a discussion of the accidents 
encountered in the use of brachial plexus block, one of which in our series 
proved fatal. W e hope, also, to elucidate the causes of such accidents ; thus 
aiding in their prevention and raising the procedure of brachial plexus block 
to a more deserved place in the surgery of the upper extremity. 

In practically all of our cases, the technic described by Kulenlcampff,^'* 
and expanded by us in our previous paper, was employed. 

The supraclavicular region contains important anatomic structures with 
which we must be completely familiar if .we would obviate accidents. It is 
situated over the dome of the pleura and is traversed by major nerves and 
blood vessels. This region is also noted for the rapidity with which drugs are 
absorbed by it; hence the dosage and toxicity of the anesthetic agent should 
be carefully borne in mind. With the foregoing facts as a basis, the accidents 
encountered in brachial plexus block are classifiable into pleuropulmonary, 
neural and Avascular. However, before discussing these accidents, we shall 
point out the importance of choosing the proper anesthetic and its dosage. At 
present Ave are using novocain “Bayer,” a 2 per cent solution “AAuthout 
adrenalin,” and in none of our cases have Ave observed lipotemias or syncopes ; 
only once did a mild degree of cerebral excitation, as is seen in the first stage 
of ether anesthesia, occur, Avhen the dose exceeded the currently used dose of 
20 cc., or Avhen the latter dose AA^as employed in children. Reducing the dose 
to a suitable amount, Ave haA^e succeeded in obtaining adequate anesthesia in 
babies as young as one and one-half years of age. On the other hand, Avhen 

956 



Volume 128 BRACHIAL PLEXUS BLOCK 

Number 5 

constrained by circumstances to employ substitutes for novocain, such as, 
sincain, sedocain, alocain, etc., it was not uncommon to observe untoward 
effects of tachycardia, chills, bouts of sweating, and angina pectoris. In one 
case, when by error novocain with adrenalin was used, tachycardia and 



Fig. I. — Right supraclavicular region, head being turned to 
the opposite side ; the sterno cleido mastoid and trapezius 
muscles are drawn aside by means of retractors ; the omohyoid 
and the clavicle are sectioned and the latter is pulled down. 

(i_) brachial plexus, (2) subclavian artery, (3) subclavian 
vein, (4) 1st rib, (5) clavicle, (6) vasculo-nervous plexus of 
the neck, (7) thyroid, (8) inferior hyoid artery, (9) chain of 
sympathetic ganglia, (10) trapezius, fti) sternocleidomastoid 
muscle, (12) posterior scalenus, -(13) anterior scalenus, (14) 
recurrent nerve. 

arrhythmia resulted of such a degree, that, though the patient did not expire, 
death seemed imminent. 

To obtain a prolonged anesthesia, we have never employed percain; in 
all our cases an anesthesia of two hours, produced with novocain, being suffi- 
cient. Concentrations of novocain of less than 2 per cent produce poor results, 
and we deem greater than 2 per cent to be dangerous. 

To obviate the untoward effects resulting from both the toxic action of 
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the drug and from its rapid absorption in the cervical region, we believe it a 
prudent measure to inject the drug very slowly and to record the rate of the 
radial pulse. 

In the foregoing accidents Coramine has been found efficacious. 

Plenro pulmonary Accidents. From a careful review of the literature on 
brachial plexus block, we have gleaned three reports of death following this 
procedure; namely, Capelle in 1916,'* Vischer in 1918,^“ and Hering in 1920.' 


Fig. 2 — ^Technic of Kulenkampff. (i) ist stage, (2) 2nd 
stage, (3) 3rd stage The arrow indicates the point where one 
should place the index finger to protect the subclavian artery. 
(S) subclavian artery; (C) clavicle; (E) anterior border of 
the trapezius; (Y) posterior border of the sternocleidomastoid 
muscle; i (a) ist rib. 



All of these deaths resulted from trauma to the apical pleural and lung 
parenchyma. The trauma was produced by incorrect insertion of the injecting 
needle beneath the first rib as a result of respiratory movement. The supra- 
clavicular technic of Kulenkampff was used by all these surgeons. Following 
such trauma there supervened rapidly a subcutaneous emphysema, pneumo- 
thorax, hemothorax and dyspnea, successively; and in Capelle’s case the pa- 
tient died on the second day. An autopsy revealed, in addition to pneumo- 
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sema. All the cases showed emphysema and cardiovascular insufficiency. 
WeiP reported a case of spontaneous recovery following mediastinal 

emphysema. 

On five occasions we punctured the parietal pleura the sibilant sound pro- 
duced by the inrushing air, however, placed us on guard, and the needle was 
withdrawn carefully. Roentgenograms disclosed the presence of moderate 




Fig. 3.— Zone of innervation of each of the branches 
of the brachial plexus, (i) circumflex, (2) accessory of 
the internal _ cutaneous brachial nerve and intercostal 
nerves, (3) internal brachial cutaneous nerve, (4) mus- 
culo-cutaneous, (5) radial, (6) cubital, (7) median. 


pneumothorax which, together with the consequent dyspnea, subsided in 
48 hours. 

In order to obviate pleuropulmonary accidents Capelle adopted the 
axillary route of Hirschel,® but as we shall presently point out, this route is no 
less dangerous than the supraclavicular route. Mulley,^® in 1919, with the 
same intention modified the technic of Kulenkampff, placing the point of 
injection 3 cm. above the clavicle and 2 cm. lateral to the external jugular 
vein, and maintaining the needle in a more horizontal position. We believe 
that this modification renders the procedure of brachial plexus block less 
certain. The same can be said for the infraclavicular technic of Balog,^ or 
and of the Anglada Santoni, technic as well as of the Kinn modification.^^ 
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We consider the paravertebral technic of Kappis^^ to be unusual. To avert 
pleuropulmonary accidents we maintain that adherence to the technic of 
Kulenkampff alone is necessary. 

Neural Accidents. We shall not consider here the transient aphonias and 
Claude Bernard-Horner syndromes that supervene from the anesthesia of the 
recurrent laryngeal nerve and of the cervical sympathetic chain respectively. 
Hemidiaphragmatic paralysis can occur as a result of phrenic nerv^e block if 
excessive infiltration of the region, or incorrect technic is practised. We have, 
however, on four occasions, produced bilateral brachial plexus block without 
any untoward effects. Siebres”^ and Klaiiser^^ report similar successes. 

Following our first experience with the technic of Kulenkampff, on one 
patient there resulted a mild contraction and paresthesia of the lower extrem- 
ity together with a moderate lipotemia. We conjectured that the needle may 
have entered the spinal canal through an intervertebral foramen. 

Of the neural complications that follow brachial plexus block especially 
interesting are the meralgias with paresthesias which have been pointed out 
by man}^ authors; namely, Babizki,^ Raechke,’^'* Flesch-Telesius,^ Hartler and 
Keppler,® Hirschel,^'’ Borchers,^ Pacher,’^" and Hylkema.^® These complica- 
tions all subside, some very slowly. In five of our own cases the complications 
abated in 20 days. In almost all of these cases a tourniquet was employed to 
obtain ischemia of the operative field ; and, as in the case of Babitzki, meralgias 
did not occur at the site of application of the tourniquet. In some of the cases, 
displaced bony fragments may have aided in the production of these complica- 
tions. Lastly, in the cases of Packer it seems that the trauma produced by the 
intraneural injection of the anesthetic will explain these complications. 

A thesis^^ previously cited, incorporates the results of a study of the effects 
of brachial plexus block on the chronaxie. We have never been able to observe 
any alteration. 

Vascular Accidents. Puncture of the common carotid, subclavian, verte- 
bral, and inferior thyroid arteries can, and, in fact, does occur. It has very fre- 
quently happened in our own experience. Simple withdrawal of the needle 
alone is necessary, when it does occur. At times a hematoma will form, but 
will disappear with the application of a compression bandage. In one of our 
cases edema of the upper extremity supervened, but subsided after 48 hours 
with the extremity in the position of abduction. 

Intra-arterial injection of the anesthetic produces only a transient state of 
anesthesia. On the other hand, intravenous injection is dangerous, for the 
anesthetic is carried to the heart. Moreover, part of the drug may reach the 
medulla oblongata and produce cardiorespiratory difficulties. Intravenous 
injection is eight to ten times more toxic than intra-arterial injection, according 
to Pauchet,^® even though only one-sixth of the drug ever reaches the cere- 
brum. We know of no case of death reported as resulting from this mechan- 
ism. In the absence of other explanations we believe that perhaps the single 
case of death in our own series resulted from intravenous injection of the 
anesthetic. 
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Report of a Fatal Case. An emaciated woman, age 67, was to be treated for an 
old fracture of the clavicle at the junction of its middle and inner thirds. The fragments 
were misplaced and an exuberant callus, the size of an orange, had formed. The patient 
presented no signs nor symptoms suggestive of pleuropulmonary disease. The supra- 
clavicular technic of KulenkampfF was to be cmplo3Td. But due to the abnormal anatomic 
conditions that prevailed, the pulse of the subclavian artery, whicb is a landmark, could 
not be felt and a point above the customar3' midpoint on the clavicle was elected. The 
needle was directed obliquely to avoid the obstacle presented by the callus, and perhaps 
in searching for the brachial plexus, the subclavian vein, was entered. We suspected that 
intravenous injection had occurred, when the patient became pallid and cold, and her 
pulse became weak. The patient lost consciousness, and died in two minutes, despite the 




errs 


4.— Zones of anesthesia of the brachial plexus, 
klypoesthesia corresponding to the territories inner- 
vated by the branches of the circumflex nerves, ist and 
2nd mtercostals. (2) complete anesthesia. 




use of cardiovascular tonics and artificial respiration. The anesthetic used was 25 cc. of 
2 per cent novocain. 

■f "I ^^topsy performed by Doctor Sanchez-Lucas of the Casa de Salud-Valdecilla, 

lesion that would explain this fatality. We believe that the drug 
en ere t e venous system through the subclavian vein, was carried to the heart, and 
su sequent y produced its mischief in the central nervous system. 

This accident, though fatal, is insufficient to make us abandon this pro- 
ce ure which is so beneficial to the patient and so helpful to the surgeon. In 
anot er aiticle we have discussed the advantages of brachial plexus block, and 
hence we shall not do so here. 
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Since this fatality, we have successfully eniployecl brachial plexus block in 
more than 1200 cases. The supraclavicular technic of Kulenkampfif was used, 
and we are favoring this technic more and more each day. We consider the 
infraclavicular technic of Balog or that of Anglada, Santoni, and above all, 
the axillary technic of Hirschel to be A^ery dangerous. Our reasons for this 
statement are that the artery and A^ein are in proximity in the infraclavicular 



Fig. 5.— Claude Bernard-Horner syndrome, (i) 
ciliary ganglion, (2) Gasserian ganglion, (3) superior 
cervical ganglion, (4) median cervical ganglion, (5) 
inferior cervical ganglion, (6) cilio-spinal center of 
Budge, (7) Oculo sympathetic bulbar center, (8) 
descending root of the trigeminus. 


region, and that the nerves of the plexus form a netAVork around the vein at 
the level of the axilla; thus the A’^eins are more easily exposed to accidental 
puncture. 

All of the cases of death and accident, including our ovim, can be imputed 
to errors in technic Avhich are easity averted. To present the dangers 
attending brachial plexus block, and a few methods of preventing them, has 
been the object of this paper. 
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SUMMARY 

This article, based on a series of 3000 cases, treats of the dangers attending 
brachial plexus block. It completes a study of this method which was begun 
with a former publication. We prefer the use of 20 cc. of novocain (2 per 
cent) without adrenalin. The supraclivacular technic of Kulenkampff is fol- 
lowed, and the dangers attending the infraclavicular technics of Balog, Anglada, 
Santoni, and the axillary technic of Hirschel, are pointed out. A consideration 
of meralgias with paresthesias as observed by different authors has been given. 
To three cases of death following brachial plexus block gleaned from the 
literature, we add our own case which is of a different origin. We ’indicate 
methods of relieving accidents and of obviating them. We believe this type of 
anesthesia is preferable for all surgery of the upper extremity. 
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FEMORAL HERNIA: A TECHNIC OF REPAIR* 

J. E. Strode, M.D. 

THE CLINIC 
H0K01.U1.U, T. H. 

It has been asserted that there have been more than one hundred 
methods described for repairing femoral hernias. This fact seems to 
indicate that no one method has proven to be universally satisfactory. The 
method of repair to be described in all probability has been used before but, 
if so, I have been unable to find reference to it in the literature. If this 
method has been published it has not been given the publicity it deserves 
and this is my reason for adding to the already voluminous literature cover- 
ing the subject. 

There are t^YO schools ''of thought regarding the extent of the operation 
necessary for cure of femoral hernia. First, those u'ho believe that high 
ligation and extirpation of the sac is all that is necessary and, second, those 
who believe that, in addition to this, an attempt should be made either to 
obliterate the femoral canal or to close off its proximal opening through 
which the hernia has protruded. It is my belief that the second premise is 
the one more nearly correct. 

It is very difficult if not impossible to determine just how frequently 
recurrences do occur following any type of repair, first, because femoral 
hernia is not a common condition and any one surgeon does not have the 
opportunity of following a large series of cases in which he has used a given 
technic of repair and, second, because it is difficult to get an accurate follow-up 
of the cases operated upon over a long period of time. 

Shelley’s^ report on the patients with hernia observed at St. Luke’s 
Hospital, New York, from 1916 to I 935 > inclusive, is the largest series I have . 
been able to find. This included 238 femoral hernias which comprised 2.35 
per cent of all hernias seen. One hundred and forty of these, after primary 
repair, were examined postoperatively for nine months or longer. The 
recurrence rate was 3.6 per cent. Thirteen cases with secondary repair 
showed a recurrence rate of 15,4 per cent. 

Dickson^ comments as follows : “Most writers believe that femoral hernia 
is a simple surgical problem with satisfactory results. A smaller group 
believes that the recurrence rate is high and the true results of operation hard 
to estimate because of inadequate follow-up. Recurrences have been stated by 
various authors at rates of from 4 to 30 per cent. Extremely low figures are 
probably incorrect because of the difficulty of following cases after operation.” 

Ochsner,^ in 1906, wrote, “It is a well-known fact that it is practically 
impossible to keep a ci rcular opening in any part of the body from closing 
* Submitted for publication May, 1948. 
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spontaneously unless it be lined with a mucous or a serous membrane.” 
Therefore, in the usual femoral hernia repair he advised only cleaning out 
the femoral canal and high ligation and excision of the sac. When one con- 
siders how rigid the anatomic structures surrounding a femoral hernia are, 
it is difficult to understand how such an opening can close spontaneously. 

Russell^ in 1926, discussing femoral hernia, reached these conclusions; 
“Closure and abolition of the sac by separation and firm torsioning from 
below is in my opinion by far the safest and simplest and best method of 
dealing with it.” 

More recently, in 1942, Waugh and Hausfeld“ recommended simple 
excision of the sac without closing the femoral ring or canal. 

Many other references could be cited favoring tbe simple type of repair. 

On the other hand, the majority of surgeons advocate, in addition to high 
removal of the sac, some procedure directed at obliteration of the femoral 
canal or closure of its proximal opening. Such pioneer observers as Bassini, 
Ferguson, Halsted, Moschkowitz, Andrews and a host of others since their 
time have contributed various methods of bringing this about. 

Suturing Poupart’s ligament to the pectineus fascia or to Cooper's ligament 
(Shelley’-) has been a favorite method. Filling the femoral canal with fat 
derived either from resected omentum or from the abdominal wall, using the 
resected sac, or filling the canal with catgut are methods that have been 
described. Bone pegs, staples, screws, transplanted fascia, and osteoplastic 
flaps from the pubes have had their advocates. The femoral opening has been 
closed by utilization of the transversalis fascia (Dickson- and Harkins and 
Swenson®) by turning in a flap of the external oblique aponeurosis (An- 
drews'^), by suturing the conjoined tendon to the pectineus fascia or Cooper’s 
ligament (Lotheissen®) and by other methods too numerous to recount at 
this time. 

Attempts at closing the femoral canal by suturing Poupart’s ligament or 
the conjoined tendon to the pectineus fascia or Cooper’s ligament have the 
common weakness of suturing tissues under tension and in all probability in 
tbe majority of instances those structures in time return to their original 
positions, leaving'the femoral canal as patent as before its attempted closure. 

Transversalis fascia is a valuable adjunct to the repair of both inguinal 
and femoral hernias, when this structure is sufficiently developed but unfortu- 
nately it commonly is least evident when most needed. The same may be said 
of the aponeurosis of the external oblique and the pectineus fascia so it is 
well to have in mind several methods of procedure that may be applicable to 
the individual case. 

There are two methods of approach commonly used in the repair of' 
femoral hernias; one below Poupart’s ligament and the other above, using 
an incision similar to that used in the repair of an inguinal hernia. The latter 
method of exposure, in almost everyone’s experience, is far preferable to the 
former, though a combination of the two may be desirable, particularly when 
dealing with strangulated intestine. 

Before taking up the details of the method of repair of femoral hernia to 
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Fig. 3 
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Figs, i, 2, 3.— Drawings showing the incEion repair, 

anatomic relations and the technic 01 using 


a. Internal oblique muscle 

b. Aponeurosis of external oblique muscle 

c. Transversalis fascia 

d. Round ligament 

e. Incision 

f. Poupart’s ligament 

g. Hernia sac 


Pubic bone _ 

Pectineus fascia 

Pectineus muscle _ r -i- _ 
Anterior-superior spine 01 ilium 
Neck of sac ligated 
. Spine of pubis 
Peritoneum 
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be described, it will be advantageous to review briefly the anatomy of the 
parts concerned. 

The femoral ring and femoral canal as such do not normally exist since 
the femoral vein lies in contiguity with Gimbernat’s (lacunar) ligament. How- 
ever, when a femoral hernia develops by the protrusion of abdominal content, 



Fig. 4 Fig. 5 

Figs. 4, S — Drawings of anterio-posterior view to show the method of using pectineus 

fascia to close the femoral canal. 

a. Incision into pectineus fascia 

b. Poupart’s ligament 

c. Femoral A 

d. Femoral V 

e. Cooper’s ligament covering pectineal line 

f. Gimbernat’s ligament 

g. Pectineal muscle 

h. Flap of pectineal fascia 

i. Femoral canal 

usually small gut or omentum or both, the peritoneum is pushed through the 
space medial to the femoral vein and lateral to Gimbernat’s (lacunar) ligament. 
Anteriorly, lie Poupart’s ligament and transversalis fascia and posteriorly, the 
pectineus fascia and Cooper’s ligament. Such a canal, when fully developed, 
is approximately % inch in length and extends from the femoral ring above 
to the fossa ovalis below. 

Poupart’s ligament, as is well known, is a strong fibrous band extending 
from the anterior superior spine of the ilium to the pubic tubercle and is 
continuous with the aponeurosis of the external oblique muscle above. Medi- 
ally near the attachment of the ligament to the pubic tubercle, diverging fibers 
are given off which pass inward and upward to the pectineal line, thus giving 
rise to Gimbernat’s ligament. 

Cooper’s ligament is a strong fibrous band which is continuous with Gim- 
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bernat’s ligament and extends lateral^ along the pectineal line to which it is 
attached. It is strengthened by and continuous with the pectineal fascia which 
overlies the pectineus muscle. From anatomic dissection and from observa- 
tion of tlie attachments of tliese ligaments to the pelvic bones, it is evident 
that Cooper’s ligament occupies a plane proximal to Poupart’s ligament and 
this becomes more pronounced as the pectineal line swings laterally. This fact 
permits a flap of pectineus fascia to be dissected up and sutured to Poupart’s 
ligament without tension (Figs. 4, 5). 

Transversalis fascia, when well developed, is a tough fibrous structure 
which lies just superficial to the peritoneum and through which both direct 
and indirect inguinal hernias, as well as femoral, must pass. Needless to say, 
such hernias cannot develop so long as this fascia remains intact. It is an 
extremely valuable tissue for use in the repair of these hernias when well 
developed but it is frequently found to be an entirely inadequate structure. 

The aponeurosis of the external oblique muscle is attached to the superior 
margin of Poupart’s ligament throughout its entire length. In the majority 
of instances, it is a well developed, tough, fibrous structure and is easily 
mobilized over a wide area so that usually it can easily be brought down to 
Cooper’s ligament without tension. When well developed, it is valuable in 
the repair of both inguinal and femoral hernias but it also frequently is such 
an attenuated structure as to be of little value. 

THE OPERATION 

It is necessary to make the inguinal type of exposure if the method to be 
described is used. 

An incision is made parallel to and slightly above Poupart’s ligament, 
two thirds of the distance from the pubic spine to the anterior-superior spine 
of the ilium. The aponeurosis of the external oblique muscle is incised just 
above Poupart’s ligament. The cord, or round ligament, is retracted out of 
the way. The neck of the femoral sac is freed, the sac opened and contents, if 
any, reduced. The sac is then dissected from the femoral canal, ligated high 
and excised. The femoral vessels are then retracted laterally. The pectineus 
fascia and Cooper’s ligament are cleansed of attached cellular tissue. An 
incision is made into the pectineus fascia to include Cooper’s ligament and a 
flap of these structures fashioned sufficiently large to cover over the femoral 
canal and to permit its being sutured to the inner side of Poupart’s ligament 
without tension (Fig, i, 5). It is surprising how easy it is to obtain such a 
flap and what an adequate structure it proves to be in most instances. None 
of the pectineus muscle is included. A search is made fof the transversalis 
fascia and when found it is carefully dissected out and mobilized and sutured 
to the inner side of the flap of the pectineus fascia and laterally to Poupart’s 
ligament along with the aponeurosis of the external oblique muscle. The lower 
edge of the external oblique aponeurosis attached to Poupart’s ligament is 
sutured to the adjacent fascia as illustrated in the accompanying diagrams. 
This repair adequately deals with the femoral hernia and takes care of the 
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potential formation of an inguinal hernia that might result from such an 
incision. 

This type of repair has been found to he particularly advantageous when 
it has been found necessary to sever Poupart’s ligament to reduce strangulated 
gut when severing Gimbernat’s ligament did not give adequate enlargement 
to the entrance to the femoral canal. Interrupted silk or cotton sutures are 
used throughout the repair. 

ADVANTAGES OF THE OPERATION AS DESCRIBED 
As has been pointed out, it is my belief that in addition to the removal of 
the sac in femoral hernia an attempt should be made to either obliterate the 
femoral canal or close off the proximal femoral opening in order to minimize 
recurrences. Utilization of the transversalis fascia or the aponeurosis of the 
external oblique muscle serves this purpose well when these structures are 
well developed and when they can be sufficiently mobilized to be sutured to 
Cooper’s ligament without tension. With sufficient mobilization of these struc- 
tures this can usuall}’’ be accomplished. 

Pectineus fascia, on the other hand, is readil}' accessible with a minimum of 
dissection necessary for its mobilization. It is a well developed structure and 
it can be sutured to Poupart’s ligament without tension ; or, at least, such has 
been the case in those individuals subjected to operation and in dissections on 
the cadaver, with one exception, in which case the fascia was very poorly 
developed. 

It is well in dealing with hernias to have in mind several alternate 
procedures, for it has been everyone’s experience that certain structures for the 
repair of hernia may be well developed in one individual and utterl}' lacking 
or attenuated in others. In other words, fit the operation to the individual and 
not the individual to the operation. 

This presentation has the same fallacies as most discussions on the subject. 
The method has not been used sufficiently often nor results observed over a 
sufficiently long period of time to arrive at definite conclusions. In m}'^ experi- 
ence with 6o6 hernia repairs of all kinds, 20 were for femoral hernia. Five 
of these were repaired by the technic described. However, the method appears 
to be anatomically sound and I belicA'e wider use will substantiate this belief. 
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RESULTS OF TREATMENT OF PERFORATION 
OF THE ESOPHAGUS* 

' Edward E. Jemerin, M.D. 

New York, N. Y. 

FROM THE SURGICAL SERVICES OF THE MOUNT SINAI HOSPITAL, NEW YORK CITY 

From 1925 through 1947, 69 cases of peri-esophageal infection following 
perforation of the esophagus by instrumentation, foreign body, or both were 
encountered at the Mount Sinai Hospital, New York City. The results in the 
first 40 of these (to mid- 1941) have already been published by Neuhof and 
Jemerin, However, as the number of cases in the original report has subse- 
quently been augmented by almost 75 per cent, and as the factor of chemo- 
therapy must now also be evaluated, an inclusive report at this time seems 
pertinent. 

Of the 69 patients, 44 recovered and 25 died, a gross mortality of 36.2 per 
cent. Our interest, however, lies in the results of treatment, and gross mor- 
tality is therefore meaningless. The important thing is to determine whether, 
with the passage of years, results have improved. If so, can this improvement 
be correlated with a better understanding of the sequelae of perforation and 
with methods of treatment? In Table I the cases are tabulated according 
to years. 

From the table, it is readily seen that definite progress has been made. 
Dividing the cases into two groups, those prior to 1936 and those since, the 
progress is even more apparent. For, of the 22 patients from 1925 through 
i935» 17 died, a mortality of 77.3 per cent, while of the 47 patients since 1936, 
only eight died, a mortality of 17.0 per cent. The reason for selecting 1936 
as the dividing point is not arbitrary and will be apparent later. 

To what is this striking difference in mortality attributable ? In part, the 
answer is supplied by further dividing the cases into those operated upon and 
those treated conservatively. Sixteen patients were not operated upon. Of 
these, II, or 68.7 per cent died. Fifty-three patients had definitive operative 
procedures directed toward the lesion produced by the perforation as distinct 
from palliative procedures such as gastrostomy or tracheotomy. Fourteen, or 
26.4 per cent of these died. By breaking down the material further into a 
chronologic listing of the operative and non-operative cases, additional infor- 
mation is obtained in Table II. 

^ It is now seen why 1936 has been selected as the dividing point. At about 
this time, surgery began to be recognized as the treatment of choice. Prior to 
this date, only 50 per cent of the cases were treated surgically, while about 
90 per cent have been accorded its benefits since. Thus, the improvement in 
results has paralleled the increased utilization of surgical therapy. However, 
other factors must certainly have been at play also as the results for surgical 
therapy itself have improved markedly. This is shown by the reduction in 
* Submitted for publication June, 1948. 
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mortality for surgically treated cases from 72.7 per cent before 1936 to 14.3 
per cent since that date. 

The most important single factor instrumental in recovery is the recog- 
nition of esophageal perforation as a surgical lesion. The next most impor- 
tant is realization of the need for prompt intervention. From its incep- 
tion, peri-esophageal infection following e.sophageal perforation is almost 
always diffuse and intense in nature. This is because usually the bacteria are 


TAni.r, I . — Cases of Esophageal Perforalioii. 
Chronologic Listing of Rcco^’crics and Deaths. 


Year 

No. of Cases 

Recoveries 

Ucatlis 

1925 

1 

0 

1 

1927 

2 

1 

1 

1928 

1 

1 

0 

1929 

1 

0 

1 

1930 

4 

0 

4 

1931 

6 

1 

5 

1932 

2 

1 

1 

1933 

2 

0 

2 

1934 

1 

0 

1 

1935 

2 

1 

1 

1936 

5 

4 

1 

1938 

6 

S 

1 

1939 

5 

2 

3 

1940 

3 

3 

0 

1941 

7 

6 

1 

1942 

2 

1 

1 

1944 

4 

3 

1 

1945 

4 

4 

0 

1946 

7 

7 

0 

1947 

4 

4 

0 


— 





69 

44 

25 

Gross mortality 36 . 2 % 

Cases prior to 1936; 

22 

5 

17 

Mortality 77.3% 

Cases since 1936; 

47 

39 

8 

Mortality 17.0% 


anerobic and because they are introduced too suddenly for local defenses to be 
mobilized. Prompt destruction of tissue with liquefaction resulting in rapid 
abscess formation usually occurs and the process is not infrequently putrid or 
gangrenous. But a wide zone of cellular inflammation remains surrounding 
the abscess. If the inflammation is not checked by drainage or other means, 
this serves as a zone of spread for a mediastinal phlegmon or cellulitis which 
was almost always the common denominator in the fatal cases. 

Obviously, it is not the perforation per se which kills but the infection 
which spreads in the highly cellular cervico-mediastinal planes. Thus, in the 
usual case, drainage must be prompt and adequate in order for it to have its 
greatest chance. Analysis of the case material indicates that in early years 
operation was performed reluctantly, almost as a last resort measure, -while in 
recent years prompt drainage has been the rule. Prior to 1936,. in only three 
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of the II surgically treated cases was operation performed less than one week 
after the perforation had occurred. Since 1936, 35 of the 42 treated surgically 
were operated upon less than a week after perforation and 20 of these were 
operated upon within two days. 


Tahle IL — of Esofyhagcal Perjoraiion. 

Chronologic Listing of Operative and Non~Opcrathe Recoveries and Deaths. 

Operated Non-Operated 


Year 


No. of — — ~ ' 

Cases No. Recovered Died 


No. Recovered Died 


1925 1 1 

1927 2 0 

1928 1 0 

1929 1 1 

1930 4 2 

1931 6 3 

1932 2 2 

1933 2 1 

1934 1 0 

1935 2 1 


0 1 0 

0 0 2 

0 0 1 

0 1 

0 2 ^ 

1 2 3 

1 1 0 

0 1 1 

0 0 I 

1 0 1 


0 

1 

1 

0 

0 

0 

0 

0 

0 

0 


0 

1 

0 

0 

2 

3 

0 

1 

1 

1 


1936 5 4 

1938 6 6 

1939 5 S 

1940 3 3 

1941 7 7 

1942 2 2 

1944 4 3 

1945 4 4 

1946 7 4 

1047 4 4 


4 

5 
2 
3 

6 
1 

3 

4 
4 
4 


0 

1 

3 

0 

1 

1 

0 

0 

0 

0 


1 

0 

0 

0 

0 

0 

1 

0 

3 

0 


0 

0 

0 

0 

0 

0 

0 

0 

3 

0 


I 

0 

0 

0 

0 

0 

1 

0 

0 

0 


/ 


69 53 39 


14 


16 


5 11 


Operative Mortality 
26.4% 


Non-operative Mortality 
68.7% 


Cases prior to 1936: 50% treated surgically; only 3 out of 11 operated upon less than 
1 week after perforation. 

22 11 3 8 11 2 9 

Operative Mortality Non-operative Mortality 

72.7% 81.8% 


Cases since 1936: 89.4% treated surgically; 35 out of 42 cases operated upon less than 
1 week after perforation; 20 cases operated upon less than 2 days after perforation. 


47 42 36 6 

Operative Mortality 
14.3% 


5 3 2 

Non-operative Mortality 
40.0%* 


* This figure does not include many non-operative failures whose lives were saved by 
late surgical intervention (see text). 

Ideally, operation is performed immediately upon recognition of the existr 
ence of a traumatic laceration of the esophagus and certainly before infection 
has descended into or become full blown in the mediastinum. Such an oper- 
ation can be regarded in the nature of a prophylactic measure. However, this 
is not always possible. Many cases arrive only a considerable time after the 
accident has occurred. Fortunately deterioration is not always rapid. When 
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the perforating agent has been a small foreign body such as a fish bone, the 
resulting infection may be less virulent and develop much more slowly than 
after a large tear by an instrument. Also, not infrequently the process has 
been delayed by the spontaneous establishment of partial drainage by per- 
foration of the abscess into the esophagus or lung. But one has only to 
contrast the satisfactory results of early operation with the disastrous results 
of non-intervention or late operation to realize that perforation of the esopha- 
gus provides an urgent indication for operation whenever possible. 

Operation in itself accounts for practically no mortality. Perforation 
usually takes place at the junction of the pharynx with the esophagus and 
accordingly, in most cases, cervico-mediastinal drainage effected through the 
neck under local anesthesia is sufficient to take care of the lesion. The technic, 
patterned after Marschik, is simple and well standardized. It is described in 
detail by Neuhof and Jemerin. The operation was performed in 41 of the 53 
patients in our series that were operated upon and only in three cases was it 
necessary to supplement the procedure b}'- a subsequent posterior mediasti- 
otomy. Of the remaining 12 operative cases, primary posterior mediastinotomy 
was performed in three because of the location of the lesion, and thoracotomy 
with drainage of mediastinal and complicating lung abscess or empyema was 
performed in the other nine. Needless to say, appropriate supportive measures 
to achieve optimum general condition are an integral part of the surgery. 

Analysis of the deaths in the operative cases before 1936 shows that these 
were due for the most part to spread of infection because of too long delayed 
or improperly conceived operation. The characteristic mode of spread in these 
fatal cases was as mediastinal phlegmon. Since 1936, the six deaths following 
surgery were due to secondary hemorrhage from major vessels in two cases, 
cardiovascular collapse in one case in which the true nature of the basic con- 
dition was not recognized until the patient was in extremis, delayed poorly 
conceiyed operation in one case, and overwhelming infection in one case nol 
admitted until ten days after perforation. 

The non-operated patients died, of course, of undrained infection. One of 
the two patients since 1936 was admitted in extremis with infection alread}' 
spread throughout the mediastinum. In the other, the course of events fol- 
lowing esophagoscopy was not recognized as the sequelae to an esophageal 
perforation and death ensued despite sulfadiazine and penicillin. 

The recent availability of various potent chemotherapeutic agents again 
raises the question of conservative therapy. Actually, it must be recognized 
that an effort was made to treat conservatively many cases that came to 
operation, or at least to observe them for a sufficient period to determine 
whether they would resolve without operation. Thus the 53 operative cases 
include 40 in which there was a preliminary period of waiting of at least two 
days (other before or after they were admitted), and 25 in which the period 
of temporization was at least five days. The longest interval before operation 
was 10)4 months in a case of mediastinal abscess which had perforated into 
the lung. Since 1939 most of these cases have had chemotherapy, the sulfona- 
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mides prior to 1944 and penicillin with or without the sulfonamides since 1944 - 
The course seemed to be in no way influenced by the sulfonamides but in 1946, 
three patients recovered with penicillin therapy. However, one died which 
would otherwise have been saved and five other patients with preliminary 
penicillin for five, three, one, nine, and two days, respectively, deteriorated 
while under treatment and required surgery. One of these deteriorated so 
rapidly despite penicillin that in two days she was almost moribund and her 
recovery after operation was a surprise. Another was discharged apparently 
well after five days of penicillin only to return a week later with an abscess 
that required drainage. The three patients who recovered with penicillin alone 
were apparently minor perforations with only minimal peri-esophageal con- 
tamination. Thus it is seen that the failures with non-operative therapy are 
not given by the mortality figures alone. The mortality under conservative 
therapy including the antibiotics would have been much higher had not many 
of these cases been taken out of that category and saved by operative 
intervention. 

Streptomycin has not had an adequate trial but our impression is that in 
esophageal perforation no chemotherapeutic agent is as yet a substitute for 
prompt drainage, particularly since we are dealing with anerobic infection in 
a closed space and an operative procedure in itself so little hazardous. Only 
potential harm can be caused by waiting, and, in general, the more prompt the 
operation, the greater the chance for recovery. Actually, mortality from 
esophageal perforation should be rare, occurring only in unpreventable situa- 
tions such as a patient admitted with too widespread an infection late after 
perforation, fulminating infection following extensive laceration of the 
esophagus, and serious complicating lesions. 

SUMMARY 

1. The results in 69 cases of esophageal perforation covering a period 
from 1925 through 1947 are presented. 

2. Chronological listing of the results shows a marked improvement with 
the passage of the years, 

3. Further breakdown into operative and non-operative cases shows the 

improvement to be due to an increased incidence of prompt surgical inter- 
vention. ^ 

4. Penicillin and the other chemotherapeutic agents should be used only 
as an adjunct to prompt surgery. 
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TREATMENT OF PANCREATIC CYSTSn 
Jack GumviTz, AI.D. 

ASSISTANT CHU'.r OF SURGF-RV, VETERANS AOM5NSSTUATJON IIOSPITAI,, NEWINGTON, CONNECTICUT 

AND 

Alfked HunwiTZ, AI.D. 

CHIEF OF SURGERY, VETERANS ADMINISTRATION HOSPITAL. NEWINGTON, CONNECTICUT; 

ASSISTANT CLINICAL PROFESSOR OF SURGERY, YALE UNIVERSITY SCHOOL OF MEDICINE 

Newikgton, Conn. 

FROM THE VETERANS ADMINISTRATION HOSPITAL, NEWINGTON, CONNECTICUT. 

AND THE DEPARTMENT OF SURGERY, YALE UNIVERSITY SCHOOL OF MEDICINE 

Pancreatic cysts may be of the proliferative or the non-proliferative 
type. Though the literature is scant, most proliferative cysts reported have 
been malignant.^ Extirpation of this t3'pe of cyst is the treatment of choice 
because it represents a precancerous lesion. Nonproliferative cysts, on the 
other hand, rarely if ever undergo malignant degeneration and therefore can 
be treated in one of several ways. Extirpation should he emplo3'ed if the cyst 
can be easil}^ enucleated. If the cyst is fused intimatel)* with surrounding 
structures, its removal might prove hazardous and increase unnecessarily the 
mortality rate. In the past, marsupialization has been employed, Gussenbauer- 
in 1883 performed the first external drainage of a pancreatic cyst. Judd’* 
reported 33 cases of marsupialization, many of which were followed bj' sinus 
tracts that persisted for two years. Kerr'* had a patient who drained for 15 
years. The objections to this form of therapy are autodigestion . of the 
abdominal wall, infection of the cyst and sinus tracts, severe inanition and 
repeated hemorrhages. Attempts to close these fistulae by irradiation,® 
radium,® and sclerosing agents" have not proven efficacious. Marsupialization 
should have little place in our present surgical armamentarium. 

Another therapeutic approach, which has an increasing' number of pro- 
ponents, is the performance of an anastomosis between the cyst and a hollow 
viscus. The first anastomosis was performed by Jedlicka,® between the cyst 
and stomach. Anastomoses between the cyst and the gallbladder have been 
reported by WaltzeF and Neuffer*® with A’^ariable results. Failures have 
occurred probably because of contamination of the cyst by bacteria and 
intestinal contents. 

Recently Adams** reported two cases of anastomosis between the jejunum 
and pancreatic cyst with an auxiliary jejuno-jej unostomy. Both these patients 
had satisfactory convalescences which he attributed to successful shunting of 
the jejunal contents away from the lumen of the cyst. To increase the likeli- 
hood of this diversion, a Roux-en-Y anastomosis was performed in one of 
our cases. 

* Published with permission of the Chief Medical Director, Department of Medicine 
and Surgery, Veterans Administration, who assumes no responsibility for the opinions 
expressed or conclusions drawn by the author, 
t Submitted for publication January, 1948. 

976 



Volume 128 
Number 5 


PANCREATIC CYSTS 


Case 1. — ^A. P., a 27-ycar-old white male, entered the hospital on April ii, 1947, 
complaining of severe left lower quadrant and para-umbilical pain. Twenty-eight hours 
before admission he first became aware of para-umbilical pain which radiated to the left 
lower quadrant. Although the pain was constant, there were occasional severe colicy 
attacks. There was no nausea, vomiting, diarrhea or melena. The urinary tract was 
negative. 

Examination revealed an acutely sick male lying with his thighs maintained in 
flexion. Temperature was 99® F., pulse 92 and respirations 20. The abdomen was 
scaphoid. Marked tenderness and spasm were elicited over the left rectus abdominis 
muscle. Hyperperistalsis was present. Rectal examination was uninformative. The 
white blood cell count was 15,400. The differential smear was normal. Serum amylase 
was 8 units (normal 8-64 units.) Intravenous p3'elography revealed a displacement of the 
left ureter toward the midline, obliteration of the left psoas shadow and probable inden- 
tation of the lesser curvature of the stomach. The patient’s symptoms became more 
severe and three hours after admission laparotomy was performed. 

Operation: The abdomen was opened through a left rectus muscle-splitting incision. 
A large pancreatic cyst was found lying in the lesser omental cavity with a thumb-like 
projection that protruded behind tlie stomach through the gastrohepatic omentum. This 
projection was markedlj'^ hyperemic and covered with fresh fibrin. There was no evidence 
of fat necrosis or free fluid in the abdomen. After exposing the cyst through the gastro- 
colic ligament, the finger-like projection was freed from the gastrohepatic omentum and 
was excised. A large amount of necrotic debris and serosanguineous fluid was evacuated 
from the cyst which comprised the entire body and tail of the pancreas. Because the cyst 
was firmly adherent to the base of the transverse mesocolon, the splenic vessels and the 
posterior wall of the stomach, extirpation was deemed unwise. The jejunum was then 
divided about 10 inches from the ligament of Treitz. The aboral end was delivered 
through an opening in the mesocolon and was anastomosed to the dome of the cyst with 
a two-layer technique. The oral end of the jejunum was anastomosed to the distal loop 
about 6 inches from the cysto-jej unostomy in the manner of Roux. 

The fluid evacuated from the cyst was found to contain pancreatic ferments and a 
pathological diagnosis of pseudocyst of the pancreas was made. 

^ Clinical course. The patient made an uneventful convalescence, A gastro-intestinal 
series on the 12th postoperative day revealed a normal intestinal pattern. There was no 
filling of the cyst cavity. The patient was discharged on the 14th postoperative day. A 
gastro-intestinal series taken two and six months postoperatively revealed no abnormal- 
ities. He has continued to be asymptomatic. 

COMMENT 

Although the follow-up of this patient has been short, the advantages of an 
internal anastomosis over marsupialization are evident in the patient’s asymp- 
tomatic convalescence. The anastomosis en-Y should prove more effective 

t an a cysto-jej unostomy in continuity, by virtue of side-tracking the intestinal 
content away "from the cyst. 

Case 2. R. L. D., a 54-year-old male, entered the hospital for the fifth time on 
pn I, ^947, complaining of nausea and vomiting of two months’ duration. 

^ admitted to the hospital in December 1941, because of episodes of gastric 

rpnnTli flatulence. After the gastro-intestinal and gallbladder series were 

^^cgative, he was discharged. He returned in September 1942, because of weak- 
of jaundice. On October 17, 1942, a laparotomy revealed a large cyst 

the h pancreas which was drained externally. In March, 1944, he entered 

exr’ f ^ ^ third time because of persistent drainage from the sinus tract. Surgical 

Sion 0 t e cyst and sinus tract was attempted, but the surgeon was unable to remove 
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the cyst in toto. A new sinus developed postopcrativcly and continued to drain after he 
left the hospital. This sinus tract closal spontaneously in January, 1945. In ^farcli, I945. 
he entered again and an incisional hernia was successfully repaired. 

He felt well until February, 1947, when he began to have nausea and vomiting which 
became progressively worse. He entered another hospital where he was treated con- 
servatively for intestinal obstruction for 20 days. He left the hospital only to return four 
days later with the same complaints. After a few days he was symptomaticall}' belter and 
was discharged. Forty-eight hours later, his symptoms recurred and he entered the 
hospital on April i, 1947, with a diagnosis of intestinal obstruction. 

Physical e.xamination revealed a thin, undernourished, slightly jaundiced, chronically 
ill male. A mass the size of a large orange, which appeared to be firmly adherent to the 
deep structures, was felt in the epigastrium. The red blood cell count was 3,600,000; 
hemoglobin 12 Gm. ; white blood cell count 10,000 with 79 per cent neutrophils. The' 
icterus index was 28. Roentgenograms of the chest revealed a right apical opacity which 
had increased in size since previous roentgenograms taken in 1941. There was also an 
increase in the number and size of emphysematous blebs in the right lung since 1941. 
Sputum and gastric examinations revealed no acid fast bacilli. 

Because of the persistence of jaundice and the patient’s downhill course, laparotomy 
was performed on April 19, 1947, through a transverse upper abdominal incision dividing 
both recti. A large cyst, measuring 10 cm. in diameter, was found involving the head and 
body of the pancreas. The gallbladder was tense, appeared normal, but could not be 
emptied by manual compression. The cyst was exposed and opened. After draining the 
amber colored fluid, a line of cleavage was finally established between the cj'st wall and 
capsule. The cyst was removed completely. The gallbladder was then easily compressible 
and was emptied. It was inferred that extirpation of the cyst relieved compression of the 
common duct. No injury to the common duct was noted. A rubber Penrose drain w'as 
left in the lesser omental cavity and the abdomen closed in layers. 

The fluid from the cyst contained pancreatic ferments. The pathological diagnosis 
was cyst of the pancreas, either retention or pseudocyst. 

Clinical course. On the first postoperative daj' the patient had a spontaneous pneumo- 
thorax, and at this time tubercle bacilli were found in the sputum. Pneumothorax was 
continued with weekly refills. 

On the fourth postoperative day, biliary drainage was noted from the operative 
wound. Stools became clay colored. Lipiodol injected into the fistula entered the 
duodenum. Patient continued to have epigastric distress relieved on occasion by probing 
the sinus tract with a release of bile-stained material and a concomitant diminution in the 
icterus index. On May 12, 1947, a catheter was inserted into the sinus tract. Diodrast 
outlined the entire biliary tree and the catheter appeared to be in the common duct. 
Patient was prepared for further surgery. 

The second exploration was accomplished on July 7, 1947, with the catheter still in 
the common duct. A side-to-side choledochoduodenostomy, as advocated by Sanders,!^ 
was performed. A T-tube was inserted into the common duct above the site_ of the 
anastomosis. This was brought out through a separate stab wound in the flank. 

The postoperative course was uncomplicated. On the 36th postoperative day, the 
T-tube was removed after repeated lipiodol injections revealed the dye entering the 
duodenum. The original sinus wound drained less and less bile-stained material, and 
finally closed. The icterus index became normal. He had no complaints when last 
examined in October, 1948. The pneumothorax refills have been continued without 
incident. 

COMMENT 

This patient with a long history of a pancreatic cyst and draining fistulae 
underwent extirpation of the cyst. Unfortunately, a biliary fistula developed, 
which required further surgery. Since bile was not noted on the dressing 
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until the third postoperative day, it is probable that the lower part of the 
common duct damaged by the previous compression of the duct by the cyst 
had been eroded by the pancreatic ferments postoperatively. In retrospect, an 
anastomosis en-Y, as described in Case I, would have been preferable. 


DISCUSSION 

The incidence of carcinoma associated with proliferative pancreatic cysts 
is so high that the complete excision of these cysts should be performed. In the 
treatment of the non-proliferative type of pancreatic cyst, the decision is less 
clear cut. Marsupialization in general is a poor operation because of its many 
untoward sequelae: erosion of the skin, infection of the sinus tract, and failure 
of the fistula to heal. The operation of choice is either an internal anastomosis 
between the cyst and the jejunum or the extirpation of the cyst wall. The latter 
procedure should be performed whenever possible, but it is contraindicated 
when its employment might jeopardize the integrity of important contiguous 
structures. If jaundice is present preoperatively as in Case 2 , excision of the 
cyst is unsafe because of the high incidence of injury to the common duct, 
either at the time of operation or by enzymatic erosion postoperatively. Carter 
and Slattery^'^ reported injuring the common duct in two of the five cases 
treated by excision of the cyst. The rent in the duct was closed and a T-tube 
inserted into the common duct proximally. These patients had a satisfactory 
but protracted convalescence. An internal anastomosis between the cyst and 
jejunum is a safer procedure in the complicated case. The morbidity and 
mortality for this operation cannot be properly adduced until a much larger 
series is compiled. The results thus far have been so gratifying that employ- 
ment of this procedure seems warranted. Infection of the cyst wall should be a 
less frequent complication, if the intestinal stream is shunted away from the 
cyst by the performance of a cysto-jej unostomy en-Y rather than b}’" anasto- 
mosing those two structures in continuity. 


SUMMARY 

1. Two cases of non-proliferative cysts of the pancreas have been operated 
upon successfully. 

2 . One was treated by excision of the wall, the other by an anastomosis 
oetween the cyst and the jejunum en-Y (Roux). 

3- Non-proliferative cysts involving the head of the pancreas should not be 
extirpated because of the high incidence of injur}’- to common bile and pan- 
creatic ducts. 

4- This is the first report of the successful application of the Roux type of 
anastomosis to the treatment of pancreatic cysts. 
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BOOK REVIEW 

ATLAS OF PLASTIC SUUGEHY, BY M. I. BEHSON, 

NEW YORK CITY, GUUNE & STILVTTON, INC. — 1948 
In his “Atlas of Plastic Surgery” Berson presents graphically standard 
methods and technics in reparative surger}’’. The normal anatoni}' and com- 
mon t3fpes of deformit}’^ are depicted in line drawings and photographs. Neces- 
sary instruments and consecutive steps for repair of these deformities are 
likewise illustrated hy photographs, drawings, and an accompanying explana- 
tory text. 

In the eight chapters into which the Atlas is subdivided, that dealing with 
the nose is by far the most complete and most valuable. It is recommended 
to any who are uncertain of indications for the several technics of corrective 
rhinoplasty. The presentation is simple and direct and shows an appreciation 
by the author of the methods, problems and pitfalls in this procedure. The 
chapters on the ear, eyelids and lips are likewise well done and most of the 
corrective technics for minor deformities of these structures are graphically 
presented. The operation of “face-lifting,” and some of the technics of mam- 
maplasty and lipectomy are presented in sbme detail. The Mirault operation 
for single harelip and the Federspiel operation for double harelip are shown. 
The methods presented for cleft palate repair are taken from the writings of 
Dorrance and Bransfield. The securing and use of fascia, bone, and cartilage 
transplants for deformities of the face are illustrated. 

The very important matter of skin transplantation, both as pedicle flaps 
and as free grafts, is disappointingly inadequate. The author does present the 
Z-plastic procedure, which lends itself to illustration. Various types of skin 
suture and repair are shown, including closure by the somewhat time-worn 
impractical geometrical patterns that have been passed down from generation 
to generation of plastic surgeons. 

For those surgeons desiring a better understanding of cosmetic plastic 
surgery of the face and particularly of the nose, lips, and ears, this Atlas will 
prove of real value. It will not be helpful, however, to those interested in 
general plastic surgery of massive and complicated repairs of the face and 
jaws and of reparative surger)'' of the extremities. 

— Bradford Cannon, M.D. 
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PANCREATIC PSEUDOCYSTS: 

REPORT OF A CASE TREATED BY CYSTOGASTROSTOMYn 

Richard J. Chodoff, M.D. 

PlULADKI-PlIIA, Pa. 

Pseudocysts of the PANciuiAS are not true neoplasms but are collections 
of pancreatic secretions in the lesser peritoneal sac. They have no epithelial 
lining, their ^Yalls being formed by the peritoneum of the lesser sac. These 
collections usually present between the stomach and transverse colon, beneath 
the gastrocolic omentum, although they may present between the stomach 
and liver or between the leaves of the transverse mesocolon. Most pseudocysts 
follow an attack of acute pancreatitis or pancreatic necrosis, although cases 
have been reported following upper abdominal trauma. The interval between 
the original episode of pancreatitis and the clinical manifestations of the cyst is 
usually several weeks. 

The diagnosis of pancreatic pseudocyst is usually made by roentgenologic 
studies after the finding of a mass in the upper abdomen developing a few 
weeks after an attack of acute pancreatitis. A most significant finding is 
distortion of the gastric or duodenal outlines by an extrinsic mass seen after 
the ingestion of a barium meal. Cysts in the body of the pancreas will cause 
indentation of the greater curvature of the stomach and downward displace- 
ment of the transverse colon and duodeno-jejunal junction. Cysts in the region 
of the head of the pancreas may cause widening of the duodenal loop. Intra- 
venous urograms may show impaired function of the left kidney and incomplete 
filling of the left renal pelvis. These findings may be due to the pressure of 
the cyst on the renal vessels.^ 

Pseudocysts usually contain turbid fluid which may be hemorrhagic. 
Shreds of necrotic pancreatic tissue may be present. Bacterial contamination 
is common and is frequently due to colon organisms. High amylase readings 
from examined fluid prove its pancreatic origin. - 

Excision of pancreatic pseudocysts has proved difficult, if not impossible, 
and has been attended by a high mortality. As a result the accepted treatment 
las een evacuation of the contents and marsupialization of the sac. This pro- 
ce ure is followed by prolonged drainage, skin excoriation, loss of fluid and 
e ectro ytes and the occasional necessity of secondary operations to close the 
persistent pancreatic fistula which develops in some cases. Tn attempting to 
oiercome these undesirable sequelae of marsupialization various methods of 
internal drainage have been devised. 

Internal drainage by anastomosis of the cyst to some portion of the 
gas ro intestinal tract has been done successfully several times. The procedures 
good results have been reported are cystoj ejunostomy and cystogas- 

Read before the Philadelphia Academy of Surgery on October 6th, 1047. 
t Submitted for publication April, 1948. 
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Fig. I. — X-ray of stomach in prone position showing marked distortion 
and displacement of greater curv'ature. Taken January 28, 1947. 



Fig 2. — X-ray of colon taken on January 28, 1947 show- 
ing downward displacement of splenic flexure. 
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trostomy. In 19-13 Chesterniaii'^ reported a successful case of cystojejunostomy. 
Adams and Nishijima‘ in 1946 reported two cystojej unostomies done at the 
Lahey Clinic with good results. The first recorded successful cystogastrostomy 
was done by Jedlicka in 1923.'"* In 1931 Jurasz® reported two cases done by 
incising the anterior wall of the stomach, making a cautery opening through 
the posterior wall of the stomach into the cyst and closing the anterior 
gastrotomy. Harries/ in 1934 reported a successful cystogastrostomy. Brocq 
and Aboulker® in 1940, reviewed the literature and found 17 cases in which 
internal drainage of pancreatic pseudocysts had been done, including cystogas- 
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Fig. 3. — Taken on March 3, 1947. Arrow points to barium 
in remaining cyst cavity. 


trostomies, cystoduodenostomies, cystocholecystostomies and cystojejunos- 
tomies. These included the cases of Jedlicka, Jurasz and Harries. Maha- 
devan® in 1943 reported a case in which the anastomosis was done between the 
posterior gastric wall and the cyst, after doing an anterior gastrotomy. dos 
. in 1944 reported a similar case. The case report which follows is one 

m which two separate pseudocysts developed in a female patient, one of which 
vtas treated by marsupialization, the other by cystogastrostomy. 


CASE REPORT 

M. H., white female, age 55, entered Jefferson Hospital, Philadelphia, on January 
“ 5 > 1947, complaining of pain in the left flank, nausea and vomiting. She gave a history 
0 an attack of vague abdominal pain beginning on December 15, 1946, followed the next 
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day by chills, fever, nausea, vomiting and severe epigastric pain radiating to the left 
shoulder. These symptoms continued with diminishing intensity for 4 days. She did not 
have medical attention during this time. On January 15, 1947 she began to have nausea 
and vomiting again. Since January 22nd she had excruciating abdominal pain, pain in the 
left loin and flank, chills and fever. She had no urinary symptoms or change in bowel habit. 

Physical exammaiion showed a pale, apprehensive, middle-aged female in obvious 
discomfort. There was marked left-sided abdominal rigidity and tenderness. It was 
difficult to be sure because of the rigidity but it was felt that there was a mass in the left 
upper abdomen. No jaundice was present. The white blood cell count on the day of 
admission was 10,400. Urine obtained by catheterization was loaded with red blood cells. 
The temperature at this time was 101.4. An intravenous urogram done on January 26, 



Fig. 4.— Taken on April 3, 1947. Arrow points to fleck of 
"barium which represents final cyst remnant. 


1947 showed incomplete filling of the left renal pelvis and ureter. Cystoscopy was done 
on January 27, 1947. Clear urine was obtained from the left kidney. A retrograde 
pyelogram showed a left bifid renal pelvis but was otherwise normal. The roentgenologist 
reported that there was no evidence of intrinsic renal disease but that a perinephric 
abscess might be present. The patient was seen on January 27, 1947 by Dr. D. M. Davis 
whose opinon was that there was no renal or perirenal disease to account for her symp- 
toms. On January 28, 1947 a barium meal and barium enema were given. Roentgeno- 
grams showed a mass in the left upper abdominal quadrant displacing the stomach forward 
and to the right (Fig. i) and the splenic flexure downward (Fig. 2). A chest roent- 
genogram showed a small amount of fluid in the left pleural cavity. The tentative 
diagnosis of pseudocyst of the pancreas was strongly confirmed by the roentgenologic 
findings. A serum amylase done on January 28, 1947 was reported as 800 units. The 
patient was prepared and operation was carried out on January 29, 1947. The abdomen was 
opened through a left upper transverse incision and a large pancreatic pseudocyst was 
found presenting through the gastrocolic omentum. Many small areas of fat necrosis 
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were seen in the omentum. The C3'st was aspirated and about 2 liters of straw-colored 
fluid containing particles of necrotic tissue were removed. The interior of the cyst was 
explored digitally and no loculations found. The cyst was attached to the mid portion 
of the pancreas. The cyst was marsupialized and the incision closed. An ' amylase 
reading from the aspirated fluid was 64,000 units. Following operation there was a 
large amount of drainage which was severely irritating to the surrounding skin. 
Difficulty was encountered postoperatively in maintaining normal fluid and electrolyte 
balance and in spite of intensive care the carbon dioxide combining power and plasma 
chlorides tended to remain low. On February S, 1947 an ovoid mass was felt in the 
right upper abdominal quadrant. Clinical jaundice was noted on February 17, I947- On 
February 18, 1947 the patient was operated upon again, A right upper rectus incision 
was made and a large pancreatic pseudocyst was found in the region of the head 'of the 
pancreas. This was making extrinsic pressure on the duodenum and the retroduodenal 
portion of the common bile duct. The gallbladder contained many calculi. The cyst 
presented through the gastrocolic omentum and was densely adherent to the posterior 
wall of the stomach. The common bile duct was markedly dilated. The cyst was aspirated 
and contained a thick brown fluid which upon culture showed growth of colon bacilli. 
The old transverse incision was then opened and digital exploration of the cyst and 
the old pancreatic fistula carried out simultaneously. No communication could be 
demonstrated between the two. Cholecystectomy was then done and the common duct 
was opened. Catheters and dilators passed frcel}' into the duodenum and it was felt 
that the common duct obstruction had been due entirely to extrinsic pressure. A T-tube 
was placed in the common duct. A two layer anastomosis was then done between the 
cyst and the stomach, the anastomosis being placed on the greater curvature close to the 
pylorus. The incision was closed and the patient returned to her room in good condition. 
The jaundice had subsided completely the following day. In the next 2 weeks the 
patient improved greatly. Biliary drainage gradually decreased. Drainage from the old 
pancreatic fistula stopped almost entirely. On March 3, 1947 a cholangiogram showed 
immediate entrance of the d3'’e into the duodenum and normal filling of the hepatic radicals 
(Fig- 3 )- A barium meal was then given which showed normal gastric emptying and 
a persistent shadow below the pylorus suggesting barium in the remnant of the cyst 
(Fig. 3). The patient was sent home on March ii, 1947 with the T-tube clamped. She 
was readmitted for stud}' on April i, 1947. Her general condition was excellent and she 
had no symptoms. There was no external biliary or pancreatic drainage. Her serum 
amylase at this time was 80 units. A barium enema on April i, 1947 showed no dis- 
placement of the colon. A cholangiogram showed no obstruction to the entrance of the 
dye into the duodenum. Roentgenograms taken after a barium meal on April 3, 1947 
showed a fleck of barium below the pylorus which was interpreted as being the last 
small remnant of the cyst (Fig. 4). Gastric analysis on April 5, 1947 showed normal 
values for free and total acid and an amylase of less than 80 units. Fasting blood sugar 
was 93 mg/ioo cc. The T-tube was removed on April 5, 1947 and the patient was 
isc arged. She has gained weight and has been symptom free up to the present time, 
er incisions are well healed and there is no external biliary or pancreatic drainage. 


This 


SUMMARY 


case IS reported because of the rarity of the development of two 
pancreatic pseudocysts in one patient and to demonstrate the successful use 

o a method of treatment of pancreatic pseudocysts which has been used very 
seldom in the past. 

^ c believe that the method of anastomosis used is practical and can be 
app led in any case in which the cyst wall is firm enough to permit careful 
suturing. The major appeal of this method is the avoidance of prolonged 
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■drainage, skin excoriation, fluid and electrolyte loss and secondary operations 
for the closure of fistulae whicli may follow upon marsupialization. 
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ORAL STREPTOMYCIN IN SURGERY OF THE LARGE BOWEL: 
The Production of Secondary Hypoprothrombinemia* 

Robert A. Herfort, M.D., and Samuel Standard, M.D. 

Nuw Yonic, N. Y. 

from the surgical division, MONTEFIORE HOSPITAL, NEW YORK, N. Y. 


STREPTOMYcrN, administered orall}'-, is being- employed with increasing 
frequency in several clinics in the preparation of the large bowel for sur- 
gery The superiority of this antibiotic over the sulfonamides, sulfa- 

thalidine and sulfasuxidine, previously employed in the reduction of the 
bacterial flora of the large intestine was established by Ravdin and his 
co-workersd® 

It has been suggested that in the course of diminishing the bacterial 
population of the colon, sulfasuxidine and snlfathalidine interfere with the 
synthesis of an anti-hemorrhagic factor, probably vitamin K. Sanders and 
Halperin^^ have reported postoperative hemorrhage in two patients prepared 
with oral sulfasuxidine and demonstrated the concomitant occurrence of a 
hypoprothrombinemia in Ijoth cases. The hypoprothrombinemia in each 
instance was readily remedied by synthetic vitamin K preparations adminis- 
tered intravenously. A similar occurrence was noted on the surgical service 
of Montefiore Hospital in a patient prepared for an intraperitoneal colostomy 
closure with sulfasuxidine. On the third postoperative day this patient had a 
massive hemorrhage into the bowel which coincided with a markedly increased 
prothrombin time. Pollard,^ however, while treating four cases of chronic 
ulcerative colitis with 12 Gm. of sulfasuxidine daily for three weeks, failed 
to find any significant evidence of disturbance in the prothrombin time. Black 
and his groups administered sulfaguanidine to rats and demonstrated a sig- 
nificant increase in the prothrombin time as determined on a 12.5 per cent 
dilution of the rats’ plasma. 

The purpose of the present communication is to demonstrate the appear- 
ance of hypoprothrombinemia, as manifested by an increase in prothrombin 

time, when streptomycin is administered orally to reduce the colonic bac- 
terial count. 


METHODS 

Prothrombin time was determined by the method- described by 
_ apiror^’ which was based on the technics of Link and his co-workers.^ 
e ermmations were done on whole and 12.5 per cent diluted plasma specimens 
as suggested by these investigators. 

Bacterial counts were obtained from stool specimens employing nutrient 
glucose beef infusion agar pl ates with serial dilutions of wet triturated stool ; 

Submitted for publication April, 194S. 
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the results were read as viable bacteria per grain of wet stool, d'be jireparation 
of the stool for culture followed the method projiosed by Potb.” The bacterial 
counts from normal stools as obtained in the present study were strikingly 
lower than those reported in the papers reviewed.*’’ Nevertheless, the 
decrease in the bacterial counts that was noted after ingestion of the drug 
served the purpose of the study. 

Four normal subjects were employed. The prothrombin times and the 
bacterial count in the stool were determined for each subject on two different 
days' prior to the institution of oral streptomycin. Each subject was thereupon 
given one Gm. of streptomycin in a glass of tap water three times daily, and 
ithis- regimen was continued for 14 days. The j^rothrombin time and the stool 
bacterial count were determined 24 hours after the inception of streptomycin 
by mouth and then at 48- to 72-hour intervals thereafter for 14 days. 

No attempt was made to modify the diet of these subjects either as to type 
of food or its quantity. Two subjects received the regular hospital ward diet; 
the others continued their usual extra-hospital diets. It was suggested that 
each dose of the drug be taken by the subject one hour prior to each meal ; this 
routine was adhered to in varying degrees by each of the four people studied. 

DISCUSSION 

The oral administration of streptomycin produced a diminution in stool 
bacterial count varying in the four cases from a 100 per cent reduction in one 
instance (Subject I) wherein culture of the stool revealed no growth to an 
80 per cent reduction in Subject III who proved to be the most refractory. It 
is evident that the antibiotic varies in its effectiveness in different individuals 
as it does in its bacteriostatic action on different pathogens. In all subjects 
the maximum reduction in stool bacterial count was achieved within 48 hours 
of the institution of the streptomycin. Concomitant with the decreased bacterial 
counts in the stool, there appeared a significant elevation in the prothrombin 
times of both whole and diluted plasma specimens. The peak of the hypopro- 
thrombinemia as measured by the maximum whole plasma prothrombin times 
was reached within one to four days ; the maximum dilute plasma prothrombin 
times were reached within two to seven days. The increment in prothrombin 
time in dilute plasma was greater than that noted in the whole plasma 
specimens. This observation appears to be in agreement with the finding of 
Black ef al~ who suggested the use of dilute plasma prothrombin time detei'- 
minations as a more sensitive means of detecting reductions in prothrombin 
levels in the blood. 

In all subjects, there appeared to be an escape from the effect of the 
streptomycin the bacterial counts began rising more or less progressively in 
every case within four to seven days after the drug was started. In three 
subjects, E. coli alone appeared in increasing numbers; in Subject III strep- 
tococci appeared first in great numbers and were then overgrown by strepto- 
mycin resistant coli bacilli. Roughly paralleling this increasing bacterial count 
was the rising level of prothrombin as evidenced by decreasing prothrombin 
times so that by the end of two weeks both dilute and whole plasma prothrom- 
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bin times approached pre-streptomycin values. This escape phenomenon is 
probably explained by the development of drug fastness. Several investigators 
have noted that bacteria rapidly acquire resistance to doses of streptomycin 
which were initially bacteriocidal.'^’ In the present study the development of 
bacterial resistance despite seemingly lethal concentrations of the antibiotic in 
the bowel lumen was possibly due to the presence of relatively inaccessible foci, 
such as the mucosal crypts of the colon. The appearance of drug fastness was 
irreversible; in all instances the bacterial counts remained high in the second 
week of treatment with streptomycin. The persistence of resistant bacterial 
strains in these individuals is of clinical importance. Resistant strains were 
.'ound in patients treated for chronic urinary tract infections several . months 
after the cessation of streptomycin therapy and in one instance Murray and 
his group demonstrated resistant bacteria some 1 1 months later 

In addition to the development of drug fastness, the problem of uniform 
admixture of the drug with the bacterial substrate should be considered. Small 
quantities of the antibiotic at frequent inter\’’als are probably more effective 
than more massive doses at longer intervals. Similarly, decreasing the fecal 
bulk by feeding a low residue diet should enhance the effectiveness of the 
streptomycin by allowing more immediate and prolonged contact between the 
intestinal bacteria and the drug. 

It appears that the plasma prothrombin times are roughly inverse functions 
of the stool bacterial count. AlmquisR has shown that numerous organisms 
such as B. proteus, E. coU, streptococcus lacticns, and B. aerogenes synthesize 
vitamin K when cultured on a vitamin K-free nutrient medium. The vitamin 
K manufactured by the coliform bacteria in the animal intestine, and readily 
absorbed in the presence of bile, probably accounts for the infrequency with 
which simple nutritional deficiency of vitamin K occurs in man.® It is possible 
that the hemorrhagic disease of the newborn which has been directly attributed 
to a demonstrable hypoprothrombinemia, occurs prior to the advent of a 
colonic flora in the newborn infant’s sterile large intestine and, therefore, 
before the establishment of the endogenous source of vitamin K in the body. 
In the four subjects studied, once the remaining bacteria became drug fast 
and reproduced their kind, the synthesis of vitamin K approached a normal 
level of activity and the secondary hypoprothrombinemia disappeared. 

In^ this study, no systemic toxic effects, other than the hypoprothrom- 
Jinemia^ were noted ; this would seem to bear out the work of previous inves- 
tigators ’ ^2' 16 demonstrated minimal absorption, if any at all, 

o streptomycin from the intestinal tract, with recovery of 90 per cent of the 
nrug dose (given orally) in the stool. , 

Two subjects spontaneously remarked on the appearance of a sweet taste 
m t le mouth after one day on streptomycin ; the abolition of oral fetor was 
noted objectively in these two subjects. All four of the subjects noted a 

rimmution in the gross bulk of the stool with a decided decrease in the 
fecal odor. 

Oral stieptomycin has been employed clinically in eight cases on the 
surgical service in the past six months in this hospital. All eight patients had 

989 



HERFORT AND STANDARD 


AnnoN of SurKcrj- 
Novt'mlicr. 1 9 4 S 


Taiii.e I: Rcsiills 

Subject I 


Stool Bacterial Count 


Prothrombin Time (Seconds) 

Date 

(Colonics per 

Gm. of Wet Stool) 

Whole Plasma 

12.5 % Pla,sma 

2 days pre-streptomycin 

53,000 E. coU 


17.0 

34.0 

1 day pre-streptomycin 

49,000 


17.6 

38.0 

1 day post-streptomycin 

no Rrowth 


23.8 

51.0 

2 days 


100 


22.5 

58.0 

4 days 


200 


21.6 

75.4 

7 days 


2,200 


21.4 

74.5 

9 days 


6,300 


20.6 

66.0 

1 1 days 


2,000 


20.4 

62.8 

14 days 


16,400 


18.0 

38,5 

Subject II 


Stool Bacterial Count 


Prothrombin Time (Seconds) 

Date 

(Colonies per 

Gm. of Wet Stool) 

Whole Plasma 

12.5 % Pl.Tsma 

2 days per-streptomycin 

11,000 E. coU 


18.7 

49.6 

1 day pre-streptomycin 

29,000 


19.0 

51.0 

1 day post-streptomycin 

200 


22.3 

61.3 

2 days 


200 


22.1 

56.3 

4 days 


1,000 


22.6 

60.4 

7 days 


2,000 


22.4 

72.2 

9 days 


4,000 


17.9 

60.5 

11 days 


8,600 


18.2 

49.8 

14 days 


3,400 


18.0 

51.3 

Subject III 


Stool Bacterial Count 


Prothrombin Time (Seconds) 

Date 

(Colonies per Gm. of Wet Stool) 

Whole Plasma 

12.5 % Plasma 

2 days pre-streptomycin 

32,000 E, coll predom. 


19.8 

50.8 

1 day pre-streptomycin 

38,000 


18.6 

50.4 

1 day post-streptomycin 

6,000 


20.3 

50.6 

2 days 


1,000 


23.0 

64.6 

4 days 


10,800 Streptococci predom. 

19.9 

54.0 

7 days 


57,000 Streptococci predom. 

18.6 

52.8 

9 days 


1,000 E, coll predom. 


17.9 

50. 1 

11 days 


4,700 


18.2 

52.8 

14 days 


22,000 


18.8 

51.2 


Subject IV 


Stool Bacterial Count Prothrombin Time (Seconds) 

Date (Colonies per Gm. of Wet Stool) Whole Plasma 12.5 % Plasma 


2 days pre-streptomycin 

53,000 E, coli 

16.4 

32.6 

1 day pre-streptomycin 

69,000 

16.1 

36.0 

1 day post-streptomycin 

300 

20.8 

48.6 

2 days 

100 

22.0 

51.1 

4 days 

3,000 

21.4 

49.8 

7 days 

10,000 

18.7 

40.7 

9 days 

21,400 

‘ 17.2 

36.0 

11 days 

9,600 

19.0 

40.4 

14 days 

18,400 

17.0 

38.6 
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proven or suspected lesions in the colon and received the drug in the course 
of preoperative preparation. In these operative cases, streptomycin has been 
administered in 0.5 Gm. doses every four hours for two days immediately 
preoperatively in conjunction with parenteral synthetic vitamin K. The adju- 
vant preparatory measures of low residue diet and mechanical cleansing by 
enemata have been continued as well. Where peritoneal contamination has 
been anticipated streptomycin has been given parenterally for two days preop- 
eratively and two days postoperatively. The vitamin K preparations have 
been continued postoperatively for one week. All eight operative cases have 
had uneventful postoperative courses with maintenance of prothrombin time 
at pre-streptomycin levels. There have been no hemorrhagic complications. 

SUMMARY 

Reductions in stool bacterial count ranging from 80 to 100 per cent were 
achieved in four normal subjects by the oral administration of streptomycin. 
The maximum reduction in the bacterial counts in all subjects was noted 
within 48 hours of the institution of the streptomycin. It must be pointed out 
that the initial bacterial counts obtained in this study were very much lower 
than those reported by other authors employing the same technic. 

Simultaneous with the decrease in the bacterial counts was the appearance 
of a hypoprothrombinemia as manifested by significant increases in prothrom- 
bin times determined in both whole and 12.5 per cent diluted plasma. 

CONCLUSIONS 

Where streptomycin is employed preoperatively in the surgery of the large 
bowel, the operative procedure should not be delayed for more than 48-72 
hours after the drug is started. 

It is suggested that vitamin K preparations be given before and after 
operation to prevent the appearance of the hypoprothrombinemia noted when 
streptomycin is given orally. 


REFERENCES 

^ Almquist, H. J.: Vitamin K. Physiol. Review, 21: 194, 1941. 

Black, S., R. S. Overman, C. A. Elvehjem and K. P. Link: Ehe Effect of Sulfaguani- 
dine on Rat Growth and Plasma Prothrombin. J. Biol. Chem., 145: 137, 1942. 

® Bockus, H. L.: Gastroenterology, 3: 42-47, 1946. 

Heilman, D. H., F. R. Heilman, H. C. Hinshaw, D, R. Nichols and W. E. Herrell: 
Streptomycin: Absorption, Diffusion, Excretion, and Toxicity. Am-. J. M. Sc., 210: 
576 , 1945 - 

' Hirshfeld, J. W., C. W. Buggs, M. A. Pilling, B. Bronstein and C. H. O’Donnell: 

0 TT ^be Treatment of Surgical Infections. Arch. Surg., 52: 387, 1946. 

ar , R., and E. L. Lozner: Nutritional Deficiency of Vitamin K in Man. Lancet, 2; 
1162, 1939. 

Murray, R., T. F. Paine and M. Finland: Streptomycin. New England J. Med., 236: 
701 and 748, 1947. 

PoUard, H. M.; The Clinical Use of Succinyl Sulfathiazole in Chronic Ulcerative 
0 P U ^^stroenterology, 4: 4, 1945. 

O b . J.: Succinyl Sulfathiazole, an Adjuvant in Surgery of the Large Bowel. 
J- A. M. A., 120: 26s, 1942. 


991 



HERFORT AND STANDARD 


Annah of Sutxrrj 
NoTember, 1 4 H 


Ravelin, I. S., H. A. Zintcl and D. H. Bender: Adjuvants to Surgical Therapy in 
Large Bowel Malignancy. Annals or Sukoeuy, 126: 439, 1947. 

Reimann, H. A., A. H. Price, W. E. Elias: Streptomycin for Certain Systemic Infec- 
tions and Its Effect on the Urinary and Fecal Flora. Arch. Int. ilcd., 76: 269, I94.v 

12 Rowe, R. .1., E. Spaulding, H. Bacon and D. Madajewski: Evaluation of Oral Strep- 
tomycin as an Adjunct in Preparing the Large Bowel for Surgery. Bull. Am. Coll. 
Surg., 32; 244, 1947. 

Sanders, G. B., and P. H. Halpcrin: Experiences with the Pauchet Technique of 
Colostomy Closure. Surgery, 20: 82, 1946. 

11 Shapiro, S., B. Sherwin, M. Redish and H. A. Campbell: Prothrombin Estimation: A 
Procedure and Clinical Interpretation. Proc. Soc. Exp. Biol, and Med., 50: 85, I94-- 

i'’"' Shapiro, S., M. Redish and H. A. Campbell: Prothrombin Studies. Proc. Soc. Exp. 
Biol, and Med., 52: 12, 1943. 

1" Zintel, H. A., H. F. Flippin, A. C. Nichols, M. M. Wiley and J. E. Rhoads: Studies 
on Streptomj’'cin in Man. Am. J. M. Sc., 210: 421, 1945. 

11 Zintel, H. A., M. Wiley, A. C. Nichols and J. E. Rhoads: The Use of Streptomycin in 
Surgical Patients. Surgery', 21: 175, 1947. 

1** Zintel, H. A., I. S. Ravdin and AI. Wiley: The Relative Effectiveness of Oral Strepto- 
mycin, Sulfathalidine and Succinyl Sulfathiazolc in Reducing Bacterial Content of 
Feces. Bull. Am. Coll. Surg., 32: 244, 1947. 


erratum 

In the September 1948 issue of the Annals of Surgery, in the paper “The Response 
to Vagotomy in Idiopathic Ulcerative Colitis and Regional Enteritis” by Dr. Clarence 
Dennis, we failed to place a credit line with the color plate which appeared facing page 486 
of this issue. This notice is as follows: 

“Publication of these colored photographs has been made possible through the 
generosity of Mr. H. W. Rutzen, to whom the authors wish to express their thanks.” 


ERRATUM 

In the article by Dr. Gordon Alurray in the October 1948 issue of the Annals of 
Surgery, Figure 7 on page 850, through a typographic error, was printed upside down. 
The legend as printed should thus be interpreted with the illustration in reverse position 
to that printed. The same applies to Figure 8 on page 851 where the illustration is also 
upside down. The legend must also be re-interpreted in this case 
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CONTROL OF THE COMMON ILIAC ARTERY DURING SACRO- 
ILIAC DISARTICULATION (HEMIPELVECTOMY)=^- 

Robert A. Wise, M.D. 

Portland, Ore. 

Prevention of hemorrhage is of particular importance during the wide 
dissection necessary in sacro-iliac disarticulation. This has. been emphasized 
by Girard,^ Gordon-Taylor,^. ^ Judin^ and Pack,"^ and various methods of 
vascular control have been described. Ligation of the external iliac artery, 
necessary in the removal of the extremity, does not control the parietal branches 
of the hypogastric artery encountered in the division of the pubic and sacro- 
iliac synchondroses and the structures deep in the pelvis. Momberg’s proce- 
dure of temporary occlusion of the abdominal aorta is dangerous and unneces- 
sary. Preliminary ligation of the common iliac artery achieves the necessary 
vascular control and makes the operative procedure relatively bloodless. How- 
ever, the occurrence of necrosis of the posterior flap of the amputation follow- 
ing ligation of the common iliac artery is frequent. Judin^ states that Brzosovski 
reports five patients who developed posterior flap necrosis after common iliac 
artery ligation and that Krassintzev’s patient developed a necrotic flap after 
a similar ligation. Pack'’ reports this complication and states that such ligation 
should not be done routinely but “may be rarely indicated in poor risk patients 
where excessive bleeding, shock and prolonged operation are to be avoided 
at all costs.” 

Temporary control of the common iliac artery during the operative pro- 
cedure will achieve the benefits of ligation without any of its undesirable effects. 
Any suitable type of direct arterial tourniquette may be employed. We have 
used the form of arterial control described by Babcock.^ In the early stage 
of the operation, after division of the insertion of the rectus abdominis muscle 
and the attachments of the inguinal ligament, the peritoneum is retracted 
medially and the external iliac, hypogastric and common iliac arteries iden- 
tified and a controlling tape placed around the common iliac artery. The ends 
of the tape are passed through the lumen of a short segment of soft rubber 
tubing and are drawn tight, compressing the artery against the tube. The tape 
is held taut by clamping a hemostat across the tube. (Fig. 1.) Occlusion of 
the common iliac artery is maintained throughout the operative procedure. 
After the hindquarter is removed, the controlling tape is released, thus pre- 
serving the continuity of the common iliac artery and its blood supply through 
the hypogastric artery and its branches. 

Sacro-iliac disarticulation performed on three patients, with primary 
malignant tumors involving the hemipelvis, is herein reported. The standard 
technic outlined by Pack'’ w ith the addition of common iliac artery control 
* Submitted for publication, February 1948 . 
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was followed in each patient. It was observed that bleeding was far less than 
in previous experiences with the operation where the common iliac artery was 
not occluded. The absence of hemorrhage resulted in a shorter, less trouble- 
some procedure in which shock did not occur at any stage, 

CASE REPORTS 

Case 1 . — ]. W., while, male, age 20, was admitted to the Veterans Hospital, Port- 
land, Oregon on January 17, 1947, complaining of a painful mass in the left gluteal 
region, first noted in November, 1946. An unsuccessful attempt at local excision had 



Fig. 1. — Drawing at operation illustrating method used for temporary control of the 
. common iliac artery during sacro-iliac disarticulation. 


been made at another hospital in December, 1946, after biopsy had shown the tumor to 
be an osteochondrosarcoma. Admission examination revealed a healed operative scar 
in the left buttock overlying a large, hard, tender mass. The left thigh was flexed and 
the patient could not bear weight on the extremity. Radiographic examination of the 
pelvis by Dr. Hyman revealed a dense bone condensation along the iliac margin of the 
left sacro-iliac joint, arising along the iliac crest. Near this placque of bone sclerosis 
was a group of small, circular, translucent areas of bone destruction. The appearance was 
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removal of the tubes. The wound healed without infection and llic posterior flap showed 
no necrosis. (Fig. 2.) h'ollow-up e.xaniijiation in Februarj', 1948, one year after opera- 
tion, revealed the patient to l)c alive hut there were metastatic nodule*- in both lung fields. 


COMMENT 

Because of the widespread nature of the tumor, sacro-iliac disarticulation 
was purely palliative in this case, but made it possible for a bedridden patient 
to be ambulatory for approximately one year. Control of the common iliac 
artery resulted in a minimum blood loss during the division of the pubic and 
sacro-iliac synchondroses and the deep pelvic dissection. 

Case 2. — R. T., white, male, age 38, was first seen at the Veterans Hospital, Portland, 
Oregon on June 24, 1947, complaining of a painful mass in the left buttock of two years’ 
duration. During the six months prior to admission, the mass had grown rapidly. 
Examination revealed a hard, immovable, firm ovoid mass in the left gluteal region. 
Radiographic studies of the pelvis showed areas of bone sclerosis and bone destruction 



graph. Note primary healing. 

Roentgenograms of the remaining bones of 
of metastasis. 


within tiic body of the left ilium, e.xtending 
to the sacro-iliac joint, characteristic of a 
cliondrosarcoma. A biopsy of the tumor, 
taken on June 26, 1947, sliowed it to be an 
osteochondrosarcoma. 

Operation, July 21, 1947. A left sacro- 
iliac disarticulation was performed in the 
usual manner with temporary occlusion of 
the common iliac artery during the pro- 
cedure. 

Convalescence was uneventful save for 
a left lower lobe atelectasis which cleared 
after tracheal suction. There was a minimal 
amount of serious drainage from the wound, 
which was firmly healed in 21 days with no 
evidence of necrosis of the skin flap. 
(Fig. 3.) 

Pathology. The specimen consisted of 
the left leg with the ilium, sacro-iliac joint, 
pubis and ischium. A firm, rounded tumor 
mass, 9x7x5 cm. arose from the external 
surface of the ilium, extending to the sacro- 
iliac joint. It appeared to be encapsulated, 
but greyish-brown strands extended from 
the tumor into the overlying muscles. A 
cross section of the tumor showed the pres- 
ence of cystic spaces, partly filled with 
necrotic tissue. The area of the ilium from 
which the tumor rose showed patches of 
bone destruction and bone eburnation. On 
histologic examination, the tumor gave the 
characteristic picture of osteochondrosar- 
coma. 

Follow-up examination, February, 
1948, revealed a well-healed, painless stump, 
the pelvis and the lungs showed no evidence 
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SACRO-ILIAC DISARTICULATION 


COMMENT 


Sacro-iliac disarticulation may result in prolonged arrest of the malignancy 
in this patient ; because the tumor was well circumscribed, it had not involved 
the sacro-iliac joint and the dissection was wide of the involved ilium. Tem- 
porary occlusion of the common iliac artery provided excellent vascular control 
and the healing of the wound was by primary intention. 

Case 3, — ^L. G., white, male, age 32, was admitted to the Veterans Hospital, Portland, 
Oregon on October 31, 1947, because of persistent pain in his left knee and thigh of four 
months’ duration. One month before admission, the left thigh became swollen and a 
biopsy, taken by a private physician and studied 
at this hospital, revealed a periosteal type of 
sclerosing osteogenic sarcoma. Admission ex- 
amination revealed a large tumor mass extend- 
ing from the lower third of the thigh upward 
for a distance of 20 cm. Roentgenograms of the 
left femur showed broadening of the soft tissues 
around its lower half, within which there was 
a large bone tumor, characterized by extensive 
bonj” proliferation. There were many sclerotic 
and demineralized areas of bone within the shaft 
itself extending up to the greater trochanter. 

Radiographs of the lungs showed no metastasis. 

Operatiou, November IJ, 1947. A left, 
sacro-iliac disarticulation was performed and 
common iliac artery occlusion was maintained 
throughout the procedure. 

Convalescence was uneventful save for con- 
siderable sero-sanguinous drainage from the 

necrosis of the flaps. 

(Fig. 4.) 

Follow-up in February, 1948, showed a 
well-healed stump with no evidence of local re- 
currence or metastasis. 

Pathology. The specimen consisted of an 

ktl? had been disarticu- 

lated at the pubic and sacro-iliac synchondroses. 

20 ^ 15 X 10 cm. arose 

^^«ed 

P within and without the cortex to the 
create, trochante. The t„.oe was compofed 

grey-white material in 

prestit“T ="<1 Mtrosis were 

tam the L ‘ V muscles 
irom the knee to the greater trochanter The 

m.croscop.c diagnosis was osteogenic saicoma 
COMMENT 

^ Sacro-iliac disarticulation in thi<; -na t, 5- — Postoperative 

tient made oossihlp ^ photograph. Note viability of pos 

iciue possible the wide removal of a terior skin flap. ^ 
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SUMMARY AND CONCLUSIONS 

The value of temporary control of the common iliac artery is described in 
the report of three cases of sacro-iliac disarticulation. This addition to the 
standard technic of the operation makes possible a safer procedure with 
minimal blood loss. The danger of necrosis of the posterior skin flap incident 
to common iliac artery ligation is avoided, 
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CORRECTION 


Dr. I. S. Ravdin has requested that the Annals of Surgery publish the.follozviug 
correction : 

“My attention has been called to a statement which I made in “The Changing Scene 
in American Surgery,” Annals of Surgery, 127: 666-675, 1948 to the effect that can- 
didates for examination in plastic surgery must now be certified by the American Board 
of Surgery. This is an error.” 

I. S. Ravdin. 
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ADAMANTINOMA OF THE MAXILLA METASTATIC 

TO THE LUNG'*' 

CASE REPOHT 

Orville F. Grimes, M.D., and H. Brodie Stephens, M.D. 

San Fhancisco, Cai-ip. 

FROM THE DEl'ARTMENT OF SURGERY, DIVISION OF THORACIC SURGERY, 

UNIVERSITY OF CALIFORNIA MEDICAL SCHOOL, SAN FRANCISCO, CALIF. 

The adamantinoma (ameloblastoma) is a rare tumor most commonly found 
in the jaw. It grows slowly, usually over a period of many years. This 
epithelial tumor arises either from the remnant of the enamel organ or from 
cell rests scattered along the length of the tooth. It is closely related to the 
dentigerous cyst and might well be called an enamel cell tumor. Enlargement 
of the bone, with rarefaction and thinning of the cortex, occurs, as a direct 
result of the growth of the tumor, which may be primarily either solid or cystic, 
although degeneration of the solid type to form pseudo-cysts is common.^ 

The literature reveals that 80 to 85 per cent of adamantinomas arise in the 
mandible and about 15 per cent in the maxilla. Isolated case reports indicate 
other primary sites such as the tibia, the lip, the cheek, or even the pituitary 
body. The tumor has been generally considered to be benign, but metastases 
to other organs have been reported. 

Chont^ briefly reviewed the literature in October 1943 and reported one 
additional case of distant metastasis from an adamantinoma of the mandible, 
i here have been reported 18 cases in which distant metastases to various sites 
have occurred; in nine of these the metastatic lesion involved the pulmonary 
parencltyina (Table I). Schweitzer and Barnfield,^ reporting also in October 
1943, describe a case wherein metastasis to the lung occurred from an adaman- 
tinoma of the mandible. These authors mention the fact that in only one 
previous instance, that case reported by Vorzimer and Perla, was there histo- 
logic proof of the ameloblastomatous nature of the metastatic lung tumor. It 
is reasonable to assume that the clinical impressions of the nature of the 
metastatic deposits in the pulmonary parenchyma were adequate to substantiate 
these diagnoses in spite of the lack of histologic proof. Indeed, in that case 
lepoited by Chont, the nature of the metastatic lesion was not verified histo- 
logically, but the clinical history leaves little doubt as to its true nature. How- 
ever, the fact remains that of the nine reported cases of adamantinomas 

metastasizing to the lung, only two have been verified histologically. We are 
reporting a third. 

CASE REPORT 

Mrs. M. C., a 56-year-oId, white housewife, entered the University of California 
^ ospital December 5, 1947, She was referred to us by her physician, Dr. Sidney 
ipman. Sixteen months previously (September 1946) she had noted the onset of malaise 
fatigability. Chest roentgenograms taken at that time demonstrated a soft 
s a ow in the right lung field wh ich was interpreted as bronchitis. The slight irritative 

* Submitted for publication, February 1948, 
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cough, without production of sputum or blood, persisted without change until her entry 
into this hospital. On only one occasion, while walking hurriedly, did the patient note 
right anterior chest pain. She received symptomatic medical therapy. There was no 
weight loss. Repeat roentgenograms in July 1947 and in September 1947 each showed 
an increase in the size of the lesion over that of previous roentgen examinations. Because 
of ankylosis of the temporomandibular joints, two attempts to perform bronchoscopy were 
unsuccessful. 

In November 1937, ten years previously, an adamantinoma of the left maxilla was 
removed surgically. The operative procedure was preceded by an extraction of the left 
upper third molar tooth resulting in a chronically draining area which was finally 
removed with the subjacent tumor mass. She received postoperative radium therapy 
which resulted eventually in a partial ankylosis of the temporomandibular joints, some 
of which she had overcome. 


r 





I 




A . B 

Fig. 1.— Roentgenograms taken in November 1947 illustrating the increase in size 
of the right lower lobe lesion over that of July 1947. The circumscribed nature of the 
mass is maintained. It is more apparent on the lateral view than in the previous films. 


Major system inventory was non-contributory in respect to the pulmonary lesion. 
Progressive bilateral eighth nerve deafness had been present since the age of 18, requiring 
the constant use of a mechanical hearing aid. 

Physical examination revealed a well nourished white female, not acutely ill, with 
normal temperature, pulse and respiration. The blood pressure was 126/72. The left 
i^per alveolar ridge and the adjacent maxilla, as well as the floor of the left antrum of 
ighmore, had been surgically removed. The posterior aspect of the left half of the hard 
palate also had been removed, allowing one to view a rather large cavity in the roof of 
t e mouth extending posteriorly along the base of the skull for a distance of approxi- 
mately 6 to 7 cm. A well-fitting dental prosthesis effectively closed off these openings, 
e mucosa surrounding the previously involved area, although exhibiting considerable 
scarring, was completely smooth and without evidence of recurrence of the original 
mor. ere were no palpable l 5 Tnph glands or other masses in the cervical region, 
xpansion of the chest was equal bilaterally. There was an area of decreased breath 
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sounds, overlaid with an exactly similar area of dullness, in the right lower lung field 
posteriorly. There was no evidence of an intrapleural collection of fluid. 

Examination of the abdomen, pelvis and rectum revealed only normal findings 
throughout. Urinalysis showed normal constituents, and the hematologic study showed 
no anemia. 

Roentgenograms of the chest (November 1947) sliowed a circumscribed density of 
the lower lobe of the right lung occupying its posterior basal division. Comparison with 
the films taken three and five months previously (July and September 1947) showed 
that the lesion had again definitely increased in sij'c. (See Figure 1.) 



Fig. 2. — Photograph demonstrating the cut section of the tumor. The 
lower lobe bronchus (top left), though immediately adjacent to the mass 
in one area, is not involved by it. The surrounding pulmonary parenchyma 
is only slightly compressed and is not otherwise abnormal. 

It was our opinion that we were dealing with (1) a slowly growing, low-grade 
primary malignancy of the right lower lobe, (2) a metastatic tumor from a primary 
lesion in one of the major systems not demonstrable by the usual clinical methods, or 
(3) a metastatic tumor from the original focus in the left maxilla. 

Thoracotomy was carried out December 6, 1947. The hard, circumscribed rounded 
mass lay deep in the parenchyma of the right lower lobe and was entirely confined 
within it. The hilar and mediastinal lymph nodes in the area of dissection were soft 
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pigmented, and were not grossly involved by abnormal tissue. There were no notable 
adhesions. The nature and characteristics of the tumor made one think of a secondary 
metastatic deposit. A right lower lobectom}' was therefore accomplished. The post- 
operative course was entirely uneventful and the patient was discharged to her home on 
the 11 th postoperative day. 

The excised lobe of the lung contained in its center a firm, round, well circumscribed 
mass 3.5 cm. in diameter which was homogeneous and pinkish-white on cut section. The 
surrounding lung tissue showed little evidence of compression, and in general was quite 
well aerated. No communication between the mass and a bronchus could be demon- 
strated. (See Fig. 2.) 

Microscopically, the tumor was composed of closely packed masses of large cells 
with ovoid or spindle-shaped nuclei and scanty eosinophilic cytoplasm. The cells 
resembled basal cells, and in some areas were palisaded at the margin. There was inva- 
sion of the surrounding connective tissue by the malignant cells. In some areas the cells 
were arranged in whorl-like patterns suggestive of rosettes. There was a tendency toward 
glandular pattern in a few areas, and occasionally the cells resembled columnar epithelial 
cells. In most areas, however, the masses of tumor cells were separated from the pul- 
monary alveoli by a heavy layer of connective tissue. Microscopic diagnosis ; Adaman- 
tinocarcinoma. (See Figs. 3 A and 3 B.) 

DISCUSSION 

There is general agreement that local recurrence of an adamantinoma fre- 
quently occurs, though distant metastases are rare. Of the approximately 500 
adamantinomas reported in the literature, those IS wdiich metastasized region- 
ally or distally represent 3.6 per cent, while those metastasizing to the lung 
represent 1.8 per cent of the total. 

Ewing^ considered all adamantinomas to be malignant because of their ten- 
dency to recur and to invade bony structures in the immediate neighborhood. 
Many writers on the subject agree that local recurrence is the rule rather than 
the exception. However, some explain the high rate of local recurrence by the 
fact that the tumor may infiltrate the bone more than is apparent to the naked 
eye so that incomplete removal may be follo\ved not by actual recurrence due 
to inherent malignancy, but rather by persistence of the tumor. 

Distant metastases, ho^vever, can be explained only by the malignant nature 
of the primary ameloblastoma. The three possible routes of transfer to the 
lung are (1) by inhalation through the tracheo-bronchial tree during the 
course of an operative procedure, (2) via the lymphatic chains, and (3) by 
blood transport. It is reasonable to assume that in the case being reported 
the tumor tissue reached the lung by way of the blood stream, since involve- 
ment of lymph nodes in the neck or mediastinum was not observed, nor was 
there an intimate association of the tumor with a bronchus. 

The fact that metastatic adamantinomas are likewise slow growing is well 
borne out in this case. It is probable that the metastasis occurred before or 
during the period of treatment of the original tumor in 1937, since no evidence 
of tumor tissue has subsequent!}^ been noted in the region of the left maxilla. 

SUMMARY AND CONCLUSION 

A case history is presented in which an adamantinoma of the left maxilla 
metastasized to the right lung. Histologic verification of the nature of the 

1004 



Volume 12S ADAMANTINOMA OF THE MAXILLA 

Number 5 

primary and secondary lesions is presented. This is the third reported case 
of metastatic adamantinoma of the lung substantiated by microscopic exami- 
nation. Although the adamantinoma is characterized mostly by local recur- 
rence, in a small percentage of cases there are distant metastases. 
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ANNOUNCEMENT OF VAN METER PRIZE AWARD 

The American Goiter Association again offers the Van Meter Prize Award of 
Three Hundred Dollars and two honorable mentions for the best essays submitted 
concerning original work on problems related to the thyroid gland. The Award will be 
made at the annual meeting of the Association which will be held in Madison, Wisconsin, 

May 26th, 27th and 28th, 1949, providing essays of sufficient merit are presented in 
competition. 

The competing essays may cover either clinical or research investigations ; should 
not exceed 3000 words in length ; must be presented in English ; and a typewritten double 
spaced copy sent to the Corresponding Secretary, Dr. T. C. Davison, 207 Doctors Build- 
mg, t anta 3, Georgia, not later than March 15th, 1949. The committee, who will review 

e^ manuscripts, is composed of men well qualified to judge the merits of the com- 
peting essays. 

, ^ P^^ce will be reserved on the program of the annual meeting for presentation of 

h ^ ''V3rd Essay by the author if it is possible for him to attend. The essay will 

e pu is Jn the annual Proceedings of the Association. This will not prevent its 
turther publication, however, in any Journal selected by the author. 
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SEVERE CRUSHING INJURY TO THE CHEST* 

REPORT OF A CASE HAVING EXTENSIVE BILtVTERAE RIB FRACTURES 
SUCCESSFUELT TREATED BY PERICOSTAL SKELETAL TRACTION 

Mark H. Williams, M.D. 

Bixgiiamton, N. Y. 

from the surgical department, BINGHAMTON CITV HOSPITAL, 

SERVICE OF DR. JOHN J. CUNNINGHAM 

The AUTOMOBILE has imade crushed chest a comparatively common and 
not infrequently fatal accident. Cardio-respiratory embarrassment due to the 
development of hemothorax and pneumothorax, may be an outstanding 
feature in these injuries. More commonly, however, symptoms of this type are 
delayed 48 to 72 hours and are produced by a clinical triad ; intrabronchial 
hemorrhage, ineffectual cough, and a type of anoxia which has been described 
in another communication.^ An exceptionally severe injury producing mul- 
tiple bilateral rib fractures may be followed immediately by grave cardio- 
respiratory embarrassment due to violent paradoxical movement of the chest 
wall. The latter disability may be of such magnitude as to require prompt 
correction as a life saving measure. The case report which follows is 
presented as an example of this type. The injuries sustained by this patient 
include : 

(1) Bilateral anterior fractures of ribs 1-7 inclusive. 

(2) Fractured skull. ' 

(3) Compound fracture of the right radius and ulna. 

(4) Compound fracture of the right tibia and fibula. 

(5) Kidney injury productive of hematuria for 48 hourk 

Complications developing during the course of treatment include : 

(1) Left hemiplegia. 

(2) Hemopneumothorax. 

(3) Massive subcutaneous emphysema. 

(4) Acute dilatation of the stomach. 

(5) Fecal impaction. 


REPORT OF CASE 

M. G., a white male shoemaker, age 51, was injured in an automobile accident on 
November 21, 1946, when he drove his car into a tree. His companion riding in the front 
seat was killed instantly and the patient was thrown against the steering wheel. On 
admission to the hospital one hour later he was unconscious, cyanotic and pulseless. 
Compound fractures of the right forearm and the right leg were present. Extensive 
bilateral rib fractures (Fig. i) could be diagnosed by inspection, and paradoxical move- 
ment of the sternum and anterior chest wall was of extraordinary violence. The sternum 
appeared to be depressed almost to the bodies of the dorsal vertebrae with each 
inspiratory effect. 

The fractured arm and leg were splinted; oxygen was administered by B. L. B. 
mask; an infusion of plasma was started; and the patient was taken to the operating 
room. Bronchoscopy without anesthesia was done, and a small amount of bloody secretion 

* Submitted for publication, April 1948, 
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was aspirated. This was not followed by any improvement in his condition. The anterior 
chest wall was then quickly prepared for operation, and proceeding again without 
anesthesia, an incision about 3 inches long was made over the left third rib near its 
cartilaginous junction where the paradoxical movement was most violent. When the 
rib was exposed it was grasped with a large towel clip jUst medial to the fracture site. 
Strong traction on this instrument reduced by approximately 50 per cent the paradoxical 
movement which now became most severe at a lower level on the same side. A second 
incision was then made over the left fifth rib and it was grasped medial to the fracture 



Fig. I. An accurate drawing which illustrates the fractures. 


tion of'thT°pt'radlxTc'al'^mn instruments now resulted in reduc- 

the fragments ofthe feer ri"* 75 per eent and appeared to lock 

became less labored and his cote intmediately 

Traction rarjaimataed W V"" •“ * 

'vire, as illustrated in Fimre ^ The’ f‘° T’ (Tr'T a 

Maximum Stability of the rhfsttt ' ^ elevated about i8 inches, 

amount of traction. A tran.W changing slightly the direction and the 

istered by both nasal catheter alJdB blood was started and oxygen was admin- 

Plasma and 1,000 cc. of hlnncl ^be first 24 hours 1,000 cc. of 

was bloody. given. He required catheterization and the urine 

bloody tracheJbroSlfarsecT^^^^^ remained unconscious. Accumulation of 

followed within the first T Productive of increased respiratory embarrassment 
hrst SIX hours after his injury. This was relieved by tracheal 
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aspiration using a i6 F. catheter. Clearing the tracheobronchial tree b}' this method 
was required thereafter at two to six hour intervals for the entire period of 24 days 
during which the traction was maintained. 

The morning following injury the patient was semiconscious ; his color was improved 
but some subcutaneous emphysema had developed. The urine was bloody. Frequent 
tracheal aspirations were done during the da}' and a large amount of bloody mucus was 



Fig. 2 . — Photograph illustrating the application of traction, which was 
estimated at ten pounds. Note the suction machine which was kept con- 
stantly at the bedside. 


aspirated. In spite of this measure and the administration of oxygen by both B. L B 
mask and nasal catheter, dyspnea and cyanosis increased alarmingly. A bedside roent- 
genogram demonstrated an enormous dilatation of the stomach. A Levine tube was 
passed which resulted in a prolonged audible escape of air. At the same time the upper 
abdominal wall flattened; this was followed by remarkable improvement. 

The subcutaneous emphysema steadily increased in amount and on the third day of 
his admission it had progressed to a degree sufficient to give the skin of the anterior chest 
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wall a tenseness similar to that of an under-inflated football. The patient was now 
again alarmingly dyspneic and cyanotic. About 3,000 cc. of this air were removed, using 
a large needle and a pneumothorax apparatus. Deflation of the emphysema was followed 
by immediate relief of symptoms, but the air continued to accumulate, doubtless due to 
the presence of a bronchial fistula. An incision in the axillary area 2 inches long was 
then made into this air-containing space. This permitted continuous escape of air for the 
next 24 hours, after which no further leakage or accumulation occurred. 

Administration of penicillin, 25,000 units every three hours, was begun at the onset. 
After the third day, 50,000 units were instilled twice daily through the intratracheal 
catheter after completion of aspiration. The bronchial secretions which were first bloody 
and later purulent, decreased in amount and became mucoid in character after the 
first week. 

Seven days after admission a definite left hemiplegia had developed. He was fairly 
alert, nevertheless, and at this time he was able to take a liquid diet. A neurosurgeon 
was asked to examine the patient and on December nth (19th day of admission) an 
exploratory burr hole over the right motor area was made* and an intracerebral 
hematoma was found and aspirated. This operation was performed without moving the 
patient from his bed. The procedure was well tolerated and no immediate change in his 
condition followed. Within three days, however, considerable improvement in his 
sensorium occurred and steady improvement followed thereafter. A low grade septic type 
of fever, present from the first, continued for 17 days although the compounded fractures 
remained free of infection. 

Increased stability of the chest permitted some decrease in the amount of traction 
after the second week and oxygen therapy was discontinued. On numerous occasions 
during the first and second weeks, the traction was momentarily released. When this 
was done severe paradoxical movement and labored respiration followed immediately, 
and the patient became dusky and panicky after about 30 seconds. After three weeks the 
chest wall was only slightly mobile. After 24 days the traction was entirely released 
and the following day the towel clips were removed. The operative wounds healed 
without infection. At this time the patient developed nausea and severe abdominal cramps. 
Rectal examination showed the presence of a fecal impaction. This was removed with 
prompt relief of his abdominal symptoms. 

Subsequently, open reductions of the fractured forearm (January 16, 1947) and 
right leg (February 4, 1947) were done.** Beginning eight weeks after injury some 
movement of the left leg was possible and thereafter improvement of this extremity was 
rapid. Five months after injury slight movement of the left arm and hand was possible 
and considerable additional improvement in this extremity has since occurred. Bony 
union of the fractured right arm and right leg followed operation. At the time of the 
patient s discharge from the hospital (June 29, 1947) he had a hemiplegic gait, but 
with a little assistance was able to walk with a cane. 

DISCUSSION 

In general, comparatively few patients with crushed chest injuries will 
require skeletal traction. The indication for this treatment arises in an 
occasional, exceptionally severe, injury of this type in which paradoxical 
movement of the chest wall is the outstanding clinical feature. The latter 
disability is prejudicial to normal intrathoracic pressures and thereby impairs 
oth the function of ventilation of the lungs and the filling of the heart. The 
cardio-respiratory embarrassment which follows is directly proportional to 
t e violence of the paradoxical movemen t. 

* Operation by Dr. J. Worden Kane. 

■ Operation by Dr. John T. Kane, 
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Before skeletal traction is applied it should be carcfull}' determined in every 
instance that the paradoxical movement is not contributed to, or actually pre- 
cipitated, by other complications. The writer has observed several instances of 
severe crushed chest injuries in which paradoxical movement of the chest wall 
was a delayed complication. All of these patients had either extensive single 
unilateral rib fractures, or unilateral double fractures of several adjacent ribs. 
In every instance the chest wall was stable at the onset. Paradoxical move- 
ment occurred several hours or several days after injury when dyspnea 
developed due to hemothorax, pneumothorax, or bronchial obstniction. In 
these patients, immediate and dramatic relief from both the dyspnea and 
paradoxical movement followed the aspiration of blood or deflation of air 
from the pleural space or the clearing of blood and secretions from the tracheo- 
bronchial tree. 

From the foregoing it is seen that skeletal traction is indicated in a small 
group of chest injuries in which the fractures of the thoracic cage alone are 
sufficient to produce paradoxical chest wall movement productive of grave 
cardio-respiratory embarrassment. For practical purposes it appears that 
few, if any, patients will require such treatment unless severe paradoxical 
movement is present immediatel)' after the injury. It seems likely that traction 
will rarely be required in instances of single unilateral rib fractures. Such 
treatment may occasionally be necessary in those having unilateral double 
fractures of several adjacent ribs. As illustrated in this report, extensive 
bilateral rib fractures near the sternum which allow mobilization of a large 
portion of the chest wall may present an urgent indication for skeletal traction. 
Simplicity, and absolute reliability, are features which recommend the peri- 
costal towel clip method with elastic overhead traction described in this 
case report. 

A survey of the literature shows that the use of pericostal skeletal traction 
in crushed chest injuries has been proposed by Eloesser- and Wise.^ In a 
personal communication, Eloesser reports the use of this type of traction in 
several cases but no published case report has been found in which this treat- 
ment was applied. In the comparatively few cases in which other forms of 
skeletal traction or fixation are reported, a delay of several hours or several 
days is noted between the time of injury and the time that such treatment 
was instituted. None of these had extensive bilateral anterior fractures near 
the sternum which permitted early violent paradoxical movement. This indi- 
cates that the chest injury sustained by the patient reported here may be one 
of unprecedented severity to have been followed by recovery. 

Treatment of a fractured sternum with traction has been reported by 
Joslow"^ who used a coat hanger. McKim^ reported a similar case which he 
immobilized with Kirschner wires. The Drinker Respirator was utilized 
successfully in a severe crushed chest injury with bilateral fractured ribs by 
Hazen.*^ Jones and Richardsoffi used skeletal traction applied to the sternum 
in a child having eight unilateral fractured ribs. The traction was applied with 
a “bullet forceps such as is used to grasp the cervix in gynecologic cases.” The 
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traction was maintained with “weights and pulleys attached to a rainbow 
frame.” Traction was removed after 48 hours without change in the child’s 
condition. Their patient recovered. 

A crushed chest injury which allows paradoxical movement of sufficient 
severity to require skeletal traction will invariably be accompanied by other 
complications. In all injuries of this type, intrabronchial hemorrhage asso- 
ciated with ineffectual cough productive of anoxia, atelectasis, and pneumonia 
should be anticipated. In the case reported here, effectual cough was impos- 
sible during the period that traction was maintained. This necessitated the 
frequent use of tracheal aspiration by the method of Cameron Haight.® This 
invaluable procedure yielded 2-4 ounces of mucopurulent bronchial secretions 
daily. After instruction, this method of treatment was efifectively applied by 
the patient’s nurses. Tracheal aspiration, together with elevation of the foot 
of the bed, and liberal use of penicillin, is believed to have made possible 
the avoidance of any pulmonary complication. The alarming symptoms which 
followed monetary release of the traction appear to demonstrate conclu- 
sively that he could not have been successfully treated without this form of 
stabilization. 


SUMMARY 

A crushed chest injury is reported in which violent paradoxical movement 
of the chest wall and severe cardio-respiratory embarrassment were the out- 
standing features. Treatment by a combination of skeletal traction, tracheal 
aspiration, and the administration of penicillin intramuscularly, and intra- 
tracheally, was followed by recovery. 
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HERNIATION OF THE HEART* 

THBOUGH A PERICARDIAL INCISION 

Ralph Boerne Bettman, M.D. and William J. Tannenbaum, M.D. 

Chicago, Ili,. 

FROM THE SURGICAL SERVICE MICHAEL REESE HOSPITAL 

The following case is of interest because of the infrequency of the 
complication, the seriousness of the symptoms subsequent to the cardiac 
herniation and the dramatic recovery following its reduction. 

The sequence of events is as follows: Mr. P,, a rather frail, 53-year-old 
male, in fair general condition, was operated upon by us for a carcinoma 
of the left lung. The operation was uncomplicated except that there was 
a dense, broad adhesion which firmly bound the lower part of the upper 
lobe of the left lung to the parietal pericardium at the level of the conus 
arteriosis of the heart. Because of the density of the adhesion and its prox- 
imity to the tumor in the lung, we thought that the carcinoma might have 
infiltrated into it and for this reason decided to remove the pericardium 
with the affixed lung rather than cut through the adhesion. This resulted 
in a defect of the anterior pericardium about 2^4 inches in diameter through 
which the conus and the base of the pulmonary artery could easily be seen. 

Before closing the chest wall at the end of the operation, the advisability 
of suturing the pericardium was discussed, but we decided against it because 
closing this large defect would have constricted the outflow tract of the 
heart. I must admit that the possibility of a herniation at this site never 
occurred to us. 

The pneumonectomy had been performed through a posteriolateral in- 
cision with the patient lying on his right side. At the end of the operation, 
the patient’s condition was good, he was pink, his pulse AVas 90, his blood 
pressure was 110/90. Careful aspiration of the trachea and bronchus had 
been carried out during operation both by the anesthetist and once by us 
just before closing the bronchial stump, so that his respirations were free 
and easy. 

After the dressings had been applied he was rolled over on his back, 
lifted on to the cart and placed gently on his operated (left) side. A mo- 
ment after this was done, the entire picture changed ! The patient went 
into collapse. His radial pulse became imperceptible, his blood pressure 
could not be obtained, he was pale and started to perspire. Thinking the 
condition was due to a cardiac shift, he was immediately put flat on his 
back and oxygen was administered through the tracheal tube, which, for- 
tunately, had not yet been removed. The picture did not change. The 
pulse still remained imperceptible and the condition was still one of pro- 
found shock. A bottle of blood, which was available, was hooked to the 
* Submitted for publication June, 1948. 
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indwelling intravenous needle in the ankle and its contents forced into 
the vein. Even after the entire bottle had been injected, the patient’s con- 
dition did not improve. It was noted that there was no difficulty in get- 
ting air into and out of his right lung, nor did hurried examination show 
any evidence of unusual mediastinal shift. Thinking that the condition was 
most probably due to a massive internal hemorrhage, and realizing that the 
patient would die if nothing were done, he was put back on the operating 
table, pushed back into the operating room, dressings removed and draped 
ready for reopening the chest wall. The diagnosis of hemorrhage was 
strengthened by the aspiration of a few centimeters of sanguinoserous fluid 
from the catheter drainage tube. (Note — We usually do not drain the chest 
cavity following pneumonectomy, but did in this case because there had 
been innumerable adhesions between the visceral and parietal pleura over 
the entire posterior lung field and we felt that there might be a great deal 
of pleural reaction with a large effusion.) 

It must have been at least 25 minutes from the sudden onset of shock 
to the start of the second operation. 

When the chest cavity was re-opened through the former incision, the 
picture that presented was startling. The apex of the heart almost pro- 
truded through the incision. The heart appeared to be standing on end 
and pointing directly upward, that is, perpendicular to its usual position. 
It was entirely devoid of pericardial covering ; it was dilated ; its veins were 
greatly engorged and it was beating very feebly but at an extremely rapid 
rate. The diagnosis was obvious, namely, the heart had herniated through 
the pericardial defect. The rim of the pericardial opening was easily located 
and slit and the heart slid back into its normal position. After a few more 
twitches, it started to regain its normal form of contraction, and within less 
than half a minute was beating strongly. The cardiac dilatation and the 
venous engorgement receded quickly. The anesthetist was able to pick up the 
pulse at the temple within a few seconds and the first blood pressure read- 
ing after the cardiac replacement was 90/50 and soon 110/70. Inspection 
now of the left pleural cavity revealed nothing abnormal, a small amount of 
serosanguineous fluid, no signs of severe hemorrhage and the great vessels 
well tied off and the stump of the bronchus well buried in the mediastinum. 
It seemed to us that the entire episode was due to the angulation and the 
strangulation of the outflow zone of the heart incidental to the herniation. 
In order to guard against a recurrence, the opening in the pericardium was 
enlarged by removing practically the entire anterior pericardium. 

By this time, the general condition of the patient was excellent. The 
wound was resutured; the dressings reapplied. The patient was gently 
turned on his back and no change in condition noted. He was returned to 
IS room and kept on his back, with the backrest slightly elevated for the 
Needless to say, he was carefully watched! 

^ convalescence from here on was uneventful. He seemed to show no 

signs 0 damage due to the period of profound shock. His mentality 
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normal. There were no renal manifestations. The day after the operation, 
he was allowed to turn at will. He preferred lying on his back, but could 
turn on his right side. However, whenever he started to turn on his left side, 
for the first week or ten days, he felt “as if he were going to faint.” This also 
happened whenever he raised himself suddenly. These symptoms were 
accompanied by the objective signs — ^ijallor, increased pulse rate up to 120 
and thready pulse, and a drop in his blood pressure to 90/60. Electrocardio- 
graphic study immediately after operation and during the convalescence was 
not particularly significant. 

By the end of the third week after operation, he was well enough to leave 
the hospital ; he could turn in any position he wanted to but still did not like 
to lie on his left side because it made him “feel funny.” 

Now six months after operation, he is doing well, he looks in as good 
health as before operation, he is out-of-doors, but does not yet feel able to go 
back to his job, which was one of physical labor. 

SmCMARY 

A patient was operated upon for a carcinoma of the left lung. The pneu- 
monectomy included the removal of an adherent piece of parietal pericardium 
about inches in diameter overlying the region of the conus arteriosis. 
When the patient’s position was shifted after the operation, the patient sud- 
denly went into profound shock which he was able to tolerate for about 20 
minutes, during which time means to combat the shock were tried. When the 
chest was re-opened, it was found that the heart had herniated through the 
pericardial defect and had become angulated and partially strangulated. As 
soon as the herniation was reduced, the symptoms disappeared. Recurrence 
was prevented by removing practically the entire anterior parietal pericardium. 
Recovery was complete and the removal of the pericardium seemed to produce 
no untoward effects. 


UROLOGY AWARD 

"Urology Azvard — The American Urological Association offers an annual award of 
$1000.00 (first prize of $500.00, second prize $300.00 and third prize $200.00) for essays 
on the result of some clinical or laboratory research in Urology. Competition shall be 
limited to urologists who have been in such specific practice for not more than five years 
and to residents in urology in recognized hospitals. 

“The first prize essay will appear on the program of the forthcoming meeting of 
the American Urological Association, to be held at the Biltmore Hotel in Los Angeles, 
May 16-19, 1949-” 

For full particulars write the Secretary, Dr. Thomas D. Moore, 899 Madison Avenue, 
Memphis 3, Tennessee. Essays must be in his hands before February 15, 1949. 
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MYCETOMA — MADURA FOOT* 

A CASE OF MYCETOJrA PEDIS IN CHICAGO 

Raymond Green, M.D., T. C. Bolton, M.D. and 
C. 1 . WooLSEY, A.B., M.A. 

Chicago, III. 

FROM THE DEPARTMENTS OF SURGERY AND BACTERIOLOGY AND THE HEHTOEN INSTITUTE 
FOR MEDICAL RESEARCH OF THE COOK COUNTY HOSPITAL, CHICAGO, ILU 

The earliest descripiton of mycetoma was reported in the Madras 
Presidency of India in 1842 by GillP The condition had been known there for 
many years. In 1846 Colebrook from the same dispensary described further 
cases and introduced the term Madura foot for a distinct disease entity of that 
region. It was Vandyke Carter- who studied the condition over a period of 
years, 1860-1874, describing the changes caused in the bony structures and 
soft tissues of the affected parts and then identified filaments of a fungus 
found in the grains within the sinus tracts of the diseased area. He introduced 
the term Mycetoma, literally fungus tumor, for the condition, since he found it 
could affect other parts of the body than the foot. His pen and ink drawings 
and his descriptions indicate a true fungus with septate filaments and chlamy- 
dospores was studied. He classified his cases by the color of the grains found 
in the sinus tracts as pale or white, black and red. 

Pinoy® in 1913 recognized the possibility of classifying cases of mycetoma 
by grouping the causative organisms, and in 1916 Chalmers and Archibald'* 
reviewed the reported cases and published such a classification dividing them 
into two groups : 

Group i. Maduromycoses, caused by true fungi exhibiting septate fila- 
ments usually with chlamydospores, and 

Group 2. Actinomycoses, due to delicate nonseptate filaments of the 
Actinomyces which belong to higher bacteria. 

The basis for this classification has had to rest principally upon prepared 
sections from preserved material in the absence of cultures. After a critical 
examination of the first 25 cases of mycetoma recorded in Canada and the 
United States, Jones and Alden'* in 1931 reported that 16 could not be defi- 
nitely classified because of inadequate data. Seven cases were clearly of 
Maduromycoses and two were of Actinomycoses. In 1945, Burns, Moss and 
Brueck® published a chart covering the 38 cases reported up to April 1944. 
The chart which follows gives a similar picture of each case reported in this 
country from that date to and including the present case, thus bringing all 
recorded cases up to th e present time. 

Submitted for publication, January 1948. 
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the dorsum of tlie foot ; tlie papule broke down and a serosanguinous drainage was present. 
This subsided, but otlier papules appeared, until a great number of papules with draining 
sinuses were present, along with gradual but marked enlargement of the foot (Fig. i) 
until finally he presented a foot, which because of its size, offered mechanical disability. 
There have been, and arc, no subjective symptoms such as pain, fever, or systemic 
manifestations. 

Physical examination upon admission to the hospital demonstrated a foot substantially 
as illustrated, with the e.xception that there was a serous drainage from many of the 
now covered papules. Blood picture and chemistry, repeated complement fixation tests, 
chest roentgenograms, and roentgenograms of other bones were all within normal limits. 
Roentgen-ray examination of the foot (Fig. 2, a and b) showed c.xtcnsivc destruction. 
It revealed numerous circumscribed, punched-out areas of radiolucencj' with deformity 
of the shafts of all the bones, and with destruction of the joint spaces. There was marked 
soft tissue swelling. 



A B 

Fig. 2(A)— Extensive destruction of foot, as described in text. 
(B)— Extensive destruction of foot. Tibia and fibula appear normal. 


Bactcriologic stitdics. Smears and cultures were made. The grains used for smears 
and cultures were removed surgically from the bases of the raised, moist papules that 
formed part of the characteristic appearance of the foot. This procedure was repeated 
upon 3 consecutive occasions so that cultures were started at intervals on Sabouraud’s 
medium, both dextrose and maltose, and on Herrold egg yolk agar.n 

The grains were pale or ochroid in color, hard and brittle. Smears, made by crushing 
and rubbing a grain between microscope slides, consisted of delicate nonseptate filaments 
less than 0.5 g in diameter, and showed true branching (Fig. 3). The filaments were 
Gram negative containing Gram positive granules. They were not acid-fast. Grains were 
seen up to 3 mm. in diameter. 

From none of the original cultures planted on the Sabouraud’s media was growth 
of any kind recovered. However all the Herrold egg yolk agar cultures produced growth 
m varjdng degree by the tenth day. The colonies were tiny and brittle and all smears 
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showed the same type of filament found in the original grain. The outstanding charac- 
teristics of these filaments from cultures were the long pointed ends definitely Gram 
negative without Gram positive granules near the tips (Fig. 4). They were under I 
in diameter. Unusual forms were not found. In the tangle of the older filaments Gram 
positive granules were very noticeable. True branching was found occasional!}-. 

The organism grew aerobically equally well at room and incubator temperatures. 
By subculturing the luxuriant growth from the Herrold egg yolk medium, new colonies 
were recovered in 6 days on blood agar, chocolate proteose agar, Loeffier’s blood serum, 
and Herrold’s egg yolk agar. Loeffier’s medium was at no time liquefied. Growth was 



Fig. 5 (A.) — Gram positive club-like structures at the ends of faintly staining filaments. 

Special culture. 

(B.) — Gram positive diphtheroids as found in many fields. Special culture. 


recovered in plain broth as small pellets in the bottom and adherent to the sides of the 
tubes. In brain broth the pellets adhered to the surface of the pieces of brain. The broth 
did not become cloudy and filaments were not found in the smears. It was after the 
strain had been subcultured repeatedly on the egg yolk agar that generous transplants 
produced growth on both the dextrose and maltose Sabouraud’s media. 

The typical colonies were smooth, rounded and hard (Fig. 6) , and did not produce 
aerial hyphae. They were hollow and grew tenaciously into the medium. Usually an 
entire colony or cluster of colonies was transferred for subcultures since they were too 
hard to break with a platinum wire loop. Occasionally a few tiny white flecks of aerial 
hyphae were noted on very old cultures where the medium had become paper thin. This 
hyphae consisted of strongly Gram positive filaments 1.5 m in diameter and varied in 
length, some reaching 10 p.. No unusual forms were seen. 

The ochroid color of the original grains prevailed in the majority of cultures on all 
media tried. However, on the Herrold egg yolk medium at times the young ochroid 
colonies soon turned into rich shades of coral, orange, or raspberry. Eventually young 
growth on Sabouraud’s and Loeffler’s media acquired the coral color. When the coral 
colored growth aged, it became a definite raspberry shade or a deep red. These colors 
were kept in stock by subculturing them on egg yolk agar, but they often reverted to the 
ochroid shade. At no time was the color absorbed by the medium. 
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to the more common type which is a true {imgus. We have isolated the 
organism in this case in pure culture and have grown it on a variety of media, 
including Herrold’s egg medium. 

Madura Foot is a granulomatous condition resulting in marked deformity 
and enlargement of the foot, with destruction of the internal structures. There 
are nodules on the external surface which connect with granulomatous lesions 
of the interior of the foot by sinuses. These sinuses discharge granules of 
various sizes and colors, and it is from these granules that the organism is 
recovered. 
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VOLVULUS OF THE SIGMOID COLON='= 

Report of Two Cases 
R. R. Gatling, M.D. 

AND 

H. T. Kirby-Smith, M.D. 

Sewanee, Tenn. 

FROM EMERAtD'lIODGSOS HOSPITAL, SEWANEE, TENNESSEE 

Due to the relative paucity of the reports in the American literature 
regarding volvulus of the sigmoid and the distressing lack of information in 
the usual reference books on the subject, we feel it pertinent at this time to 
give a brief discussion of the condition and to present two recent cases. 

An interesting observation made while reviewing the literature was the 
fact that to 20 reports found in the American, British, and Australian litera- 
ture 85 reports relative to volvulus of the sigmoid were found in non-English 
literature. A possible explanation for this fact is that the condition occurs 
with considerably more frequency in Russian and Baltic people than in 
British and American people.” It is of relatively common occurrence in 
Germany where it is reported to be the cause of large bowel obstruction in as 
high as 30 per cent of the cases. The percentages in this country are much 
less, but vary considerably. The condition is reported by Hinton and Steiner'^ 
to account for less than one per cent of acute intestinal obstruction and by 
Griffin, Bartron and Meyer^” to be the cause of eiglit per cent of a series of 
458 cases of large bowel obstruction at Cook County Hospital. Miller^ 
reports it as the cause of 15 per cent of all forms of acute intestinal obstruc- 
tion. (These are all American case figures.) An explanation for this incon- 
sistency in percentages is perhaps the relative rarity of the condition. Few 
have been able personally to observe more than a small number of cases at 
^ost. An interesting explanation for the higher incidence of the condition 
in some other sections of the world, Russia and the Baltic area — for instance, 
IS the dietary habits of these peoples. They seem to be more of vegetarians 
than we Americans, and their diet, consisting of coarser foods containing 
much cellulose, makes a greater demand upon the pelvic colon as a storehouse.” 

This might be conducive to a tendency toward redundance of that part of 
the bowel. 

ETIOLOGY 

There is general agreement that an enlarged colon and a redundant 
m^entery definitely predispose to volvulus; the former is usually present, 
an the latter invariably is found. A narrow attachment of the mesentery is 
iste by Hinton and Steiner'^ as a predisposing factor, but it seems that this 
IS most likely a relative condition ; since the attachment is a stable affair and 
cannot elongate commensurately with the mesenteric reflection at the bowel. 

igot and Overend” state that there is a familial tendency to congenital elonga- 
jo ^of the pelvic colon and, hence, a predisp osition to volvulus. There is 
Submitted for publication, September, 1947. 
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general agreement that a history of chronic constipation is tlie rule. Heavy 
work and drastic purgation are suggested as precipitating causes.” 

Volvulus of the pelvic colon is a disease of the older age group, most of the 
cases occurring in patients past the age of 40 years. It can occur in children— 
however, and Miller^ reports a case occurring in a child 12 years old. Our 
two cases were 61 and 70 years of age respectively, 

CLINICAL PICTURE 

The history is that of acute low bowel obstruction. These patients usually 
are seen by a ph3'sician after one to several days of symptoms of partial or 
complete low bowel obstruction. The possible explanation for this is that it is 
the rule for these patients to have had several previous episodes of a similar 
nature which they have been able to relieve by means of purgatives and/ or 
enemas without consulting a physician. This observation is substantiated by 
reports in the literature. Ligot and Overend” stress the importance of a 
history of diarrhea ajtcr the abatement of the cramping abdominal pains rather 
than during the pains. A history of chronic constipation is suggestive. It 
would be superfluous to reiterate the physical findings as regards the abdomen 
since they are those of acute low bowel obstruction from any cause. 

The fluoroscope and roentgen-ray are important adjuncts in the diagnosis. 
Hall^ lists three findings as his criteria for making a roentgen-ray diagnosis 
of this condition: (1) a tremendously dilated sigmoid colon situated pre- 
dominantly in the right side of the abdomen, (2) valve-like obstruction distal 
to the dilation, allowing free entry of the enema fluid, yet preventing the 
patient from evacuating the contents from the dilated loop, and (3) normal 
mucosal pattern in the sigmoid distal to the dilated loop. Griffin, Bartron, and 
Meyer^” found that 76 per cent of their patients were unable to take more 
than 500 cc. of enema fluid. A flat plate of the abdomen is of assistance when 
one observes a tremendously dilated loop of bowel rising out of the pelvis, 
frequently up as high as the liver, in the form of an inverted “U”.” 

A long history of repeated attacks is helpful in differentiating this con- 
dition from obstruction due to carcinoma, which runs a more progressive 
course. 

TREATMENT 

Once the diagnosis is made, the treatment is surgical-after the patient is 
properly prepared as regards fluid and electrolyte balance. Conservative 
surgery, in the form of fixation of the redundant bowel to the abdominal wall, 
was unsatisfactory in our hands as regards permanent relief of symptoms. 
This view is substantiated in the literatureii by others who have performed 
this same conservative procedure. Likewise, mesentery-shortening procedures 
have been tried with the same poor results, and surgeons have been chagrined, 
when operating upon these patients for a recurrence following these conserva- 
tive measures, to find no evidence of their painstaking efforts during the 
previous operation. This was our experience. It seems to be the consensus 
of opinion, and is our firm conviction, that the only rational treatment of 
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volvulus of the sigmoid is resection of the redundant bowel, preferably a 
Mikulicz resection. The lower mortality in the literature has been in the 
cases upon whom a Mikulicz resection was performed. Weeks^ reports in a 
review of the literature up until 1931, 65 cases attended by a 33 per cent 
mortality. Eighteen of these cases had a three-stage Mikulicz operation with 
but two deaths. Our experience was that the procedure is no more shocking 
than the more conservative surgery. Although occasional good results are 
reported in the literature of patients upon whom resection and primary anasto- 
mosis was performed, we feel that the Mikulicz resection is less likely 
to be attended by complications such as might be experienced with primary 
anastomosis; in addition, the technical difficulty of uniting the dilated upper 
segment of the descending colon to the smaller distal portion sigmoid is great, 
considering the poor condition of the dilated bowel wall. 


Case 1. No. 4843: White male 61 j'ears of age admitted January 29, 1942, com- 
piaining of cramping abdominal pain, vomiting, and inability to pass flatus or feces. He 
remembered having a similar attack about a year previously, which abated spontaneously 
after 24 hours. 

The examination was essentially negative except for a markedly distended abdomen 
with visible peristalsis. There was no muscle spasm. At this time a diagnosis of intes- 
tinal obstruction was made, and decompression means of a Wangensteen suction was 
begun. The distention was not relieved by the next day at which time a barium enema 
was attempted. The barium was found to meet an obstruction after passing upward 
about six inches. During this procedure the obstruction was partially relieved, and a 
large quantity of liquid fecal material escaped, completely relieving the distention. Two 
days later the barium enema was repeated, and a partial obstruction was found at the 
recto-sigmoid junction. No growth could be visualized through the proctoscope. 

On February 4, 1942, an exploratory laparotomy was performed, and no abnormali- 
ties of the abdominal viscera could be found other than a nodular liver and a somewhat 
dilated sigmoid with very redundant mesentery. It was estimated that the sigmoid could 
be elevated 12 to 16 inches outside the abdomen through the incision. The incision was 
closed with silk. The recovery was uneventful, and the patient was discharged on the 
tenth postoperative day, asymptomatic. 

Second Admission . — Admitted February 26, 1945, with symptoms of low bowel 
obstruction.^ He was operated upon shortly after admission through a low, left para- 
median incision, and a volvulus of the sigmoid was found. The volvulus was relieved 
manually,' and the redundant sigmoid sutured to the abdominal wall on both sides of the 
incision with fine, interrupted cotton sutures. The wound was closed with interrupted 
cotton sutures. The patient was discharged on the seventh postoperative day. 

hird Admission . — Admitted December 13, 1946, with symptoms of low intestinal 
0 struction of 18 hours duration. Two hours after admission the obstruction relieved 
itse spontaneously, and the patient was completely relieved of symptoms and began 
to p^s flatus and feces. He was discharged asymptomatic the following day. 

0117 th Admission . — He again reported on February 23, 1947, to the hospital with 
symptoms and signs of low bowel obstruction of 48 hours duration. After a short period 
0 conservative efforts, with failure to relieve the obstruction, he was operated upon. 
. ® tremendously distended sigmoid colon was found, which was twisted upon 

ise and completely obstructed. No evidence of previous suturing of the bowel to 
a ominal wall was found. A Mikulicz resection was performed, about 18 inches of 
^e sigmoid being thus resected. The incision was closed with interrupted cotton sutures, 
wo ays later^,the clamps were removed from the ends of the divided bowel, and four 
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days after the clamps were removed (sixth postoperative day) a crushing clamp was 
applied. 

Thirty-one days after the resection was performed the colostomy was closed. The 
skin sutures were removed seven days later, and the patient was discharged with normal 
bowel movements and no drainage from the wound. 

Case 2. No. 7613: White male 70 years of age admitted to this hospital on 
December 6, 1946, complaining of abdominal distention of about 15 hours duration and 
inability to pass flatus or feces, despite purgatives and enemas. There was no nausea 
or vomiting. He gave a history of several similar episodes within the previous three 
years, which were relieved by enemas, but about which he had not consulted a physician. 
The remainder of the history was essentially non-contributory. An appendectomy was 
performed upon him in 1924. 

The examination revealed a thin, white male appearing to be about the stated age 
with a very dry mouth and tongue. There were scattered moist rales over the base of the 
left lung, a markedly distended abdomen. The colon could be visualized throughout its 
course, and increased peristalsis could be auscultated throughout. No definite masses or 
localized tenderness were found. Rectal examination revealed no masses or obstruction 
within reach of the finger. The roentgen-ray of a barium enema showed the barium to 
stop about six inches up in the rectum, the blind end being of smooth outline. The 
diagnosis at this time was low intestinal obstruction, cause undetermined, and he was 
prepared for surgery. 

Through a low, left rectus incision the abdominal cavity was opened, and an 
enormously distended sigmoid was found as the result of volvulus, which — when the 
torsion was relieved — was found to be quite atonic with an unusually long mesentery. 
The redundant sigmoid was sutured to the left lateral abdominal wall witli interrupted 
sutures of fine cotton and the wound closed with interrupted cotton sutures. The patient 
was discharged on the fifteenth postoperative day in good condition. 

Second Admission . — Since being discharged from the hospital about two and one- 
half months before, the patient had enjoyed good health until 24 hours before admission. 
He began to experience cramping abdominal pains, to notice that he was becoming 
distended, and was unable to pass flatus or feces. 

The physical examination was essentially the same as on the previous admission. 
He was again prepared for surgery. 

The operative findings were essentially the same as on the previous occasion with 
no evidence of the colon having been sutured to the abdominal wall. The volvulus was 
relieved and a Mikulicz resection performed. The clamps were removed from the cut 
ends of the bowel two days later and a spur clamp applied on the sixth postoperative day. 

Four weeks postoperatively the colostomy was closed. His subsequent course was 
uneventful except for a fecal fistula at the site of the closure which closed spontaneously 
before his discharge on the fifty-first postoperative day. 

This patient has remained asymptomatic. 

COMMENT 

Judging from the reports in the literature volvulus of the sigmoid is of 
relatively infrequent occurrence, but it is common enough that every surgeon 
should familiarize himself with the pros and cons as regards conservative and 
more radical surgery. From our experience with these two very similar cases 
and from the information gleaned from the literature, we are of the opinion 
that a resection of the Mikulicz type at the initial operation is the operation 
of choice and that it is very little — if any — more shocking than the more 
conserA^ative procedures. In each of these cases the patient might have been 
spared the added expense and inconvenienc of mor than one admission for the 
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same condition, had this view been taken at first. Of course, the follow-up is 
not of sufficient duration for one to make any conclusive statements as re- 
gards the permanency of the present freedom of symptoms, but — anatomi- 
cally — one would expect it to be more successful than the more conservative 
surgery which was in our hands. 

SUMMARY 


A brief discussion of volvulus of the sigmoid colon is given. Two cases 
are presented of recurrent volvulus of the sigmoid following conservative 
surgery, which subsequently required partial sigmoidectomy for the relief 
of symptoms. 
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GASTRODUODENAL INTUSSUSCEPTION*! 


A CASE REPORT 

Frederick H. Amendola, M.D. 

New Youk, N. Y. 

Simple prolapse of the antral mucosa through the pylorus, with or with- 
out associated gastric polyps is quite common, but actual intussusception of all 
coats of the stomach wall is very rare. 

Intussusception of the degree encountered in the case described below is 
almost a medical curiosity. 


CASE REPORT 

H. N., No. 449S7. The patient was a dental assistant, 35 years of age, who was 
admitted to the Roosevelt Hospital for the first time on July 29, 1947. She complained 
of well localized epigastric distress of about three months duration. The initial symptom 
had been a puzzling and' persistent eructation of gas and sour liquid after meals, asso- 
ciated with a feeling of distention and pressure in the upper abdomen. As the weeks 
passed, despite numerous modifications in her diet, the discomfort became more accen- 
tuated. During the early days of her illness, small doses of bicarbonate had given some 
relief, but after a while it induced vomiting and the patient discontinued its use. At the 
time of entry into the hospital, she was nauseated most of the time. Although there had 
been no lack of appetite, she had practically stopped eating because food immediately 
aggravated the discomfort and was promptly regurgitated. During the preceding two 
months she had lost 12 pounds in weight. No gross bleeding had been observed and the 
patient had not noticed any discoloration of the vomitus or of the stools. 

Her past history failed to disclose any previous attacks of a similar nature. As a 
matter of fact, she had never been disturbed by gastro-intestinal symptoms of any sort 
except for a very rare attack of diarrhea. 

On physical examination there had been obvious weight loss. Blood pressure, pulse, 
respirations and temperature were normal. There was a distinct pallor but no jaundice or 
cyanosis. No cervical lymph nodes were palpable. The heart and lungs were entirely 
normal. Examination of the abdomen revealed only slight mid-epigastric tenderness and 
a sense of fullness in the mid-epigastrium without any definite mass. The extremities and 
reflexes were normal. 

Within a few days after admission a gastro-intestinal series was done (Figs, i and 2) 
and the following findings were noted. The esophagus was normal. There was a large 
gastric defect involving the fundus and antrum with distortion of the duodenal bulb. There 
was lack of filling of the descending duodenum without any delay, however, in the 
emptying time of the stomach. 

Lateral views showed essentially the same picture, with what appeared to be forward 
displacement of the stomach and antrum. 

The diagnosis laj" between a large benign intragastric tumor or a large primary tumor 
of the pancreas producing a pressure defect in the antrum and fundus. A gastroscopic 
examination was not permitted by the patient. 

Following additional clinical studies, all of which failed to provide any further 
diagnostic assistance, operation was performed on July 14, 1947. 

* Submitted for publication, ^larch, 1948. 

t Presented before the New York Surgical Society on February 25, 1948. 
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Fig, I.— Antero-posterior view of stomach and duodenum following Fig. 2.— Lateral oblique view, 

ingestion of barium. 
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Fig. 3. — Gastroduodenal intussusception as found at operation. 
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Fig. 4 . — Gastric polyp removed at operation. The hook indicates the pedicle 

of the tumor. 
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The situation found at operation is illustrated in Figure 3. About two thirds of the 
stomach had herniated through the pylorus into the duodenum. As a result of this 
intussusception, the duodenum was dilated to about tliree inches in diameter down to the 
region of the duodenojejunal flexure. Although the pyloric muscle was still fairly tight, 
the intussusception was reduced without too much difficulty. As the stomach was deliv- 
ered through the pylorus, a soft tumor was felt springing up through the pyloric 
ring as though attached to a large rubber band. Palpation of the stomach then 
revealed a mass about the size of a billiard ball within the gastric cavity. A long 



Fig. 5. — Microphotograph of one of many sections made through 
various parts of the tumor. 


gastrotomy was performed and a soft spongy tumor was found attached by a pedicle 
one inch long to the upper posterior third of the stomach wall. Since the tumor 
looked and felt benign, and the pedicle was obviously not involved, a simple removal 
of the tumor was performed by elliptical incision around the base of the pedicle. The 
resulting defect was closed with interrupted sutures of fine silk. 'Inspection of the gastric 
cavity failed to reveal any other polyps. The gastrotomy was then closed with two 
layers of interrupted Halsted sutures. The abdominal wound was closed in layers. 

Figure 4 shows the tumor as removed, and Figure 5 is a microphotograph of one 
of the many sections from various portions of the tumor. 

Microscopic examination showed simple benign adenomatous polyp. 

The patient made a smooth recovery and has been entirely free of symptoms 
since operation. 
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CHOLECYSTITIS DUE TO GIARDIA LAMBLIA 
IN A LEFT-SIDED GALLBLADDER* 

John M. McGowan, M.D.** 

Bostoit, Mass. 

Carl. C. Nhssbatjm, M.D. 

New Youk, N. Y. 

AND 

Edmund W. Burroughs, M.D. 

Treittoh, N. J. 

There have only been seven reported cases of infection of the gallblad- 
der due to giardia lamblia in the literature to date. However, there is increasing 
evidence that this protozoa is the causative factor in cholec3'-stitis more fre- 
quently than the rarity of reports would indicate. The case herein reported 
was one in which giardia were proven to be the cause of infection in a 
gallbladder. It is all the more unusual since the gallbladder was found to be 
situated on the left side. The giardia lambia was found repeatedly on duodenal 
drainage. The organism promptly disappeared under treatment with atabrine. 
The cystic form was recovered from the gallbladder after surgical removal. 
This is the eighth reported case of giardiasis of the gallbladder, and probably 
the second in which cysts were found in the gallbladder. 

Leuwenhoek^® first discovered giardia in 1681, in a specimen of his own 
stool. The organism was i-ediscovered and named by Lamb® in 1859. a 
protozoa measuring 8 to 20 mu. long and 5 to 12 mu. wide. In other words, 
it is larger than a red blood corpuscle, and smaller than an epithelial cell. It 
contains four ventrally placed flagellates, and is actively motile. It is a common 
inhabitant of the gastro-intestinal tract, and was formerly considered non- 
pathogenic. Its pathogenocity, particularly in the case of diarrhea, has been 
definitely established. Berberian^ reviewed the reports of 1 5 authors on the 
pathogenocity of giardia lamblia with reference to diarrhea. Several of these 
authors definitely established it as the causative organism in epidemics of 
diarrhea, particularly in the Middle East. Routine examination of stool 
specimens in this country and abroad showed that the highest incident of 
giardia lamblia occurred in areas where sanitation was at its lowest. In Puerto 
Rico, 48 per cent of the population were found to be infested, A study of 
Chicago dispensary patients revealed a rate of only 1.66 per cent; while in 
Tenessee the rate was much higher at 14.7 per cent. 

MTiile proven cases of infection of the upper gastro-intestinal tract with 
this parasite have not been so common as those in connection with diarrhea, 
there is increasing evidence that the organism produces gallbladder disease, 

* Submitted for publication, May 1948. 

** Visiting Surgeon, Boston and Quincy City Hospitals, Boston, Mass. Instruction in 
Surgerj', Tufts Medical College, Boston, Mass. 
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and probably more frequently than has been supposed. Smithies^^ claimed 
to be the first to report a case of giardiasis of the gallbladder. He found the 
protozoa in a gallbladder which had been removed by the late Dr. A. J. 
Ochsner of Chicago in December, 1917. He later reported a second case. 

Keyes® reported two cases of cholecystitis, in one of which he found cysts 
of giardia in the gallbladder. Hartman,® in 1942, in a review of the literature, 
found reports of only four cases of giardiasis of the gallbladder. He added a 
case of his own, however, he omitted the two cases of Keyes. Search of the 
literature since that date has failed to reveal any reports of proven cases. 
Reported cases to date of cholecystitis due to giardia lamblia may be summar- 
ized as follows : 

Smithies 

Westphal and Gerogi's 
Caldcr and Ridgon’... 

Hartman 

Keyes 

Total 7 cases 

Another indication of the pathogenocity of the giardia lamblia in relation 
to the upper gastro-intestinal tract is the increasing number of reports in the 
literature showing the frequency with which it is found in duodenal drainage 
in association with symptoms simulating disease of the gallbladder or duod- 
enum. Wesselman^^ reported two cases presenting symptoms simulating 
cholecystitis in which giardi were found on duodenal drainage. Prompt and 
complete relief was obtained by administration of acranil. DeMuro^ reported 
a series of 45 cases in which he recovered giardia from the bile obtained on 
duodenal drainage. Of these, 31.1 per cent suffered from upper gastro-intes- 
tinal symptoms which he referred to as “entero-hepato-biliary syndrome.” 
Goss'' examined the stools of 300 patients for giardia, and found this protozoa 
to be present in 9 per cent. However, more interesting is the fact that in those 
suffering from symptoms simulating ulcer or gallbladder disease, the instance 
was 34 per cent. He believes that giardiasis leads to vitamin deficiency. 

For the treatment of giardiasis, atabrine is a specific ; although good results 
have been reported with other forms of therapy. Boros® treated a case of 
giardiasis of the duodenum simulating ulcer with five injections of 0.45 Gm. 
neosalvarsan at five-day intervals with good results. Goss® recommends, 
among other things, carbarsone, Berberian^ found acranil ipo per cent effec- 
tive in eliminating this infection in cases of stool contamination. The recom- 
mended dosage is as follows : 

Age 3-6 0.1 Gm. per day for five consecutive days 

0.1 Gm. twice daily for five consecutive days 
13-16 0.1 Gm. three times daily for five consecutive days 
Over 16 0.5 Gm. per day for the first day, and then 0.1 Gm. three times daily for four more days. 

Hartman® and associates obtained a cure in their case of giardiasis of the 
gallbladder with atabrine in doses of o.i Gm. three times daily for five days. 
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Gross® reviewed the literature on gallbladder anomalies thoroughly in 1936, 
and was able to find only seven cases of left-sided gallbladder. In each case 
the vesicle was situated in the under surface of the left lobe of the liver. The 
gallbladder was usually found to be normal in size. The cystic duct joined the 
common hepatic duct in the normal manner and position in three cases, the 
left hepatic duct in one and unrecorded in three. The embryologic development 
of this anomaly may occur in one of two ways. The gallbladder anlage begins 
as a normal embryologic bud from the hepatic diverticulum and migrates to 
the left where it becomes fixed by the developing peritoneum to the under 
surface of the left lobe of the liver. This accounts for the normal entrance 
of the cystic duct into the hepatic duct. This was the situation in cases 
described by Harris and Walton.’^ They described the cystic duct as coming off 
at the normal site extending forward and to the right in the direction of the 
normal site of the gallbladder and then making a sharp hairpin turn to join 
the fundus under the left liver lobe. The second way in which this anomaly 
may develop is as follows: A gallbladder develops on each side with one 
persisting on the left and the right-sided one becoming atrophic and disappear- 
ing. In such a case one would expect the C3^stic duct to drain into the left 
hepatic duct as has been reported in one case. 

Case Report 

W. E. S., a white male, age 18, was admitted to Regional Hospital, Camp Joseph T. 
Robinson, on February 15, 1946. His chief complaint was pain in the right side of the 
abdomen of three days’ duration. His past history was irrelevant, except for an appen- 
dectomy in 1944. He had not seen tropical service. 

The history of the present illness revealed that three days prior to admission he 
developed pain in the right upper quadrant of the abdomen in the subcostal region. Pains 
had been sharp enough to “shut his wind off.” Pain radiated to the left side, but not to 
the shoulder or directly to the back. He vomited twice. Vomitus contained food which 
he had previously eaten. Stools were normal in appearance and contained no evidence 
of blood. There was no history of intolerance to food. 

Physical examination revealed a white male in a good state of nutrition. The temper- 
ature was 98 ; pulse 84 ; and respiration, 22. The abdomen was tender on palpation in the 
right upper quadrant. The liver was not palpable. The blood pressure was systolic no, 
diastolic 60. Physical examination was otherwise negative. 

Laboratory Tests and Special Examinations: Routine blood tests and urinalysis were 
within normal limits. The serum protein was 7 - 5 ; blood cholesterol, 1.36; and the blood 
Kahn was negative. The sedimentation rate was 7; hematocrit, 44; icteric index, 10.2. 
Examination of the bile obtained on duodenal drainage on March 8, 1946, showed 
numerous giardia lamblia present. These protozoa were clumped together in small rod- 
shaped structures, as if they had formed casts of the small radicles of the biliary tree. 
They were packed solid in these casts and occasionally one would break away from the 
general mass and swim in the fluid media. 

X-ray examination of the gallbladder (Graham series) taken on February 20, 1946, 
showed no evidence of filling. Both kidneys appeared normal, and intravenous pyelo- 
grams were within normal limits. Roentgen examination of the upper gas.tro-intestinal 
tract failed to reveal any other pathology. 

Course in Hospital: On March 7, 1946, the patient was put on daily duodenal 
drainage. Because of tlie repeated finding of giardia in the bile, administration of atabrine 
was begun, on March 16, 1946, in doses of o.r Gm. three times a day. This therapy was 
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Fig. I. — Tins is a drawing from the microscopic examination of 
the bile obtained on duodenal drainage. In the upper left-hand corner 
is a mucous cast containing numerous giardia. This cast probably 
came from one of the small radicles of the biliary tree. In the lower 
right-hand corner is a high power of the organisms. 
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continued for one week at the end of which time the giardia had disappeared from the 
duodenal drainage. None were found subsequently from repeated drainages taken almost 
daily between March 26 and May 9. A second roentgenogram of the gallbladder showed 
no evidence of filling with the contrast media (Priodax). The cephalin flocculation test 
on March 5 was as follows: 24 hours plus and minus; 48 hours plus and minus. Exam- 
ination of the feces on three successive days, starting on March 25, showed no evidence 
of parasites. The patient was operated upon April 5, 1946, at which time the gallbladder 
was removed and the common bile duct explored and drained. 

The operative findings were as follows : Gallbladder was situated under the left lobe 
of the liver. The fundus was the same distance to the left of the falciform ligament as the 



, 2. — This is a diagram of the anomalous gallbladder in which 

^”um ^ 1 ^ situated in the left lobe of the liver. The neck of the 
gallbladder crossed over to the right crossing the longitudinal fissure 
near its posterior end. The cystic duct joined the common duct on 
the right side. 


norma gallbladder is usually to the right. The neck of the gallbladder crossed over to 
e rig t, crossing the longitudinal fissure near its posterior end. The cystic duct joined 
le common hepatic duct on the right side. The common bile duct, pancreas and other 
organs were essentially normal. The liver showed evidence of considerable hepatitis. It 
swollen and there were visible areas of fibrosis. These areas of fibrosis 
ra la e over the surface of the liver substance from the gallbladder. There was further 
e\ 1 ence o cholecystitis in the form of edema about the cystic duct and adhesions to the 
uo (mum. o stones were found in the gallbladder or common bile duct. A T-tube was 
p ace in t le common bile duct for tlie purpose of subsequent study of the bile for 
evidence of giardia infection. 

Pathologic Examination of scrapings of the gallbladder mucosa showed the presence 
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of giardia cysts. There was also evidence of ulceration in the mucosa of the gallbladder 
extending into the submucosa. 

Postoperative Course: Patient made an uneventful convalescence. Repeated exam- 
inations of T-tube bile and also of duodenal drainage postoperatively were negative for 
giardia. The T-tube was removed at the end of six weeks. Patient has since been symp- 
tom free. Cholangiograms taken on May i, 1946, showed the common duct and biliary 
tract to be normal. 

Commeut. This is a case of a man with left-sided gallbladder with typical symptoms 
of cholecystitis in whom giardia lamblia were found in large quantities in the bile 
obtained on duodenal drainage. These protozoa promptly disappeared following admin- 
istration of atabrine as did the symptoms. Besides roentgen evidence, the gallbladder 
showed signs of inflammation at the operating table and giardia cysts were found in the 
gallbladder wall after surgical removal. 

DISCUSSION 

The evidence in iavor oi this being a giardia iniection rather than an 
infestation is: (l) typical symptoms and physical signs of cholecystitis 
relieved by atabrine ; (2) failure of the gallbladder to cast a shadow on the 
x-ray film after a Graham series on two occasions both before and after 
repeated duodenal drainages; (3) findings at the time of operation of streaks 
of fibrosis on the liver surface extending from the gallbladder and inflam- 
matory reaction around the cystic duct ; (4) pathologic study of the gallbladder 
showing ulceration in the mucosa and submucosa and the finding of giardia 
lamblia cysts in the scrapings of the mucosa. 

SUMMAHY AND CONCLUSIONS 

1. While giardia lamblia in the past has been considered harmless there 
is increasing evidence that it is capable of producing gastro-intestinal disease. 

2. Only seven proven cases of gallbladder disease from giardia have been 
previously reported in the literature; however, there have been instances of 
cases with symptoms simulating gallbladder disease or duodenal ulcer in which 
giardia lamblia were found in the bile obtained by duodenal drainage. Allevia- 
tion of symptoms was obtained by elimination of the protozoa by therapy. 

3. Although various forms of therapy have been recommended, atabrine 
appears to be the drug of choice. The recommended adult dose is o.i Gm. 
three times daily for five days. 

4. A case of giardiasis in a patient with a left-sided gallbladder is herein 
reported. In this instance the giardia were found in the bile obtained by 
duodenal drainage. They were eliminated by administration of atabrine and 
symptoms promptly subsided. When the gallbladder was subsequently 
removed, giardia cysts were found in the gallbladder wall. 
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MEDIASTINAL LIPOMATA; A CASE REPORT* 

E. HAnmsoN Griffin, M.D. 
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ASST. ATTENDING SURGEON, METHODIST HOSPITAL 

AND 

Paul H. Guilfoil, M.D. 

RESIDENT SURGEON, METHODIST HOSPITAL 
Brooklyn, N. Y. 

Less than 50 intrathoracic lipomas have been reported. Seventeen of 
these have been successfully excised.^* “• ® Heuer and Andrus, in the 

first comprehensive report^ in 1933, suggested three anatomic groups; the 
hour-glass tumors, in which part of the tumor lay within the thorax and the 
remainder penetrated the intercostal structures to present subcutaneously ; the 
superior mediastinal lipomas which present at the root of the neck; and the 
entirely intrathoracic lipomas. The majority occupy the mediastinum. The 
disease is a rare clinical entity and therefore the following case is considered 
worthy of repoi't. 


CASE REPORT 

E. M., a 30-year-old negress, had a routine chest roentgenogram in 1945 which 
showed a superior mediastinal mass. She was asymptomatic and did not seek medical 
aid. Another roentgenogram in 1947 revealed the mass with moderate increase in its 
size although she was still asymptomatic. She received four radiation treatments without 
any reduction in the size of the mass. The patient was then referred to one of us 
(E, H. G.) who advised surgery. 

She entered the Methodist Hospital, Brooklyn, on November 3, 1947. History and 
physical examination were completely negative. Laboratory studies were negative with 
the exception of roentgenograms of the chest (Fig. i) which showed an ovoid tumor 
mass anteriorly in the superior mediastinum, considered to be a dermoid or a lipoma. 

On November S, 1947, anterior thoracotomy was performed by the senior author 
through the second left intercostal space. The mediastinum was entered transpleurally. 
A grapefruit sized fatty tumor was found overlying the heart and aorta within the 
mediastinal pleura. A projection from the main mass extended up through the superior 
thoracic aperture into the neck (Fig. 2) . The tumor which was well encapsulated was 
removed without difficulty. The lung was re-expanded by means of positive intratracheal 
pressure and the chest was closed without drainage. 

The hospital course was uneventful and the patient was discharged on the ninth 
postoperative day. 

The pathologic report was lipoma. 

Follow-up chest films showed expansion of the lung and absence of mediastinum 
mass density. 


DISCUSSION 

Although the correct diagnosis was suspected preoperatively in this case, 
surgery is indicated in all mediastinal tumors. It is the only means of positive 
* Submitted for publication May, 1948. 
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Fig. I. — Preoperativc roentgenogram of the chest. 



Fig. 2 . Photograph of tumor (cut surface). 
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diagnosis in the non-lymphomatous types. Moreover, it is the only definitive 
therapy. There is futility and danger in giving radiation therapy to mediastinal 
tumors of unknown nature. The too common practice of employing a "test 
dose” of deep roentgen ray therapy may erroneously place the label of malig- 
nant lymphoma on a patient whose prognosis is, in reality, more favorable. 
The majority of cases of Boeck’s sarcoid show mediastinal node involvement 
and this often simulates roentgenologically other mediastinal tumors. Many of 
these shadows show regression or even complete disappearance under obser- 
vation.'^ Radiation therapy, in this period, would lead to a faulty diagnosis and 
prognosis. It is equally true that valuable time may be lost with radiotherapy 
and a once operable tumor become inoperable. Thus a patient’s "day of 
grace may be sinned away” with a modality which is not curative. Pathologic 
diagnosis should be reached by thoracotomy which, in properly selected cases, 
is a safe procedure. 

In the second place, even if it were known definitely that the tumor was a 
lipoma, it is probable that pressure symptoms would eventual^ manifest 
themselves and make surgery mandator)^ That lipomata may attain tremen- 
dous size is well illustrated by Heuer’s case in which the tumor filled the 
entire left hemithorax. Death from pressure has been reported.^- ^ Thirdly, 
malignant degeneration or infection must be considered as possible com- 
plications. 

Exploration through the anterior intercostal route without division of ribs 
gave adequate exposure in this case and, we feel, a more comfortable conva- 
lescence to the patient. 

CONCLtJSIOKS 

Mediastinal lipoma is a fairly rare disease. The treatment is surgical. The 
futility of giving radiation therapy to mediastinal tumors of unknown nature 
is stressed. 


SUMMAKY 

A case is presented in which a lipoma was successfully removed from the 
anterior superior mediastinum. 
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THE NATURE OF THE SHIFT OF PLASMA PROTEIN 
TO THE EXTRA VASCULAR SPACE FOLLOWING 
THIlRMAL TRAUMAn 

Oliver Cope, M.D., John B. Graham, M.D., Francis D. Moore, M.D. 

AND Margaret R. Ball, A.B. 

Bostox, Mass. 

FROM Tlin SURGICAU Ri;Si:ARCn l.AnORv\TOUinS OF Tin; harvard medical school and 
THE SURGICAL SERVICES -AT THE MASSACHUSETTS GENERAL HOSPITAL, BOSTON, MASS. 

Discussion of tlie circiilaloiy disorder of the burned patient and of the 
need for fluid to survive is inadequate if it does not include a consideration of 
the abnormal distribution of the plasma proteins occurring within the body 
as the direct result of the injury. In the burned, as in the healthy, it is the 
colloid osmotic pressure exerted b}' the plasma proteins in differential concen- 
trations on either side of the semi-permeable capillary membrane which appor- 
tions water between plasma and interstitial space and maintains blood pressure. 
It is the sudden increase in permeabilit)’’ of the capillary caused by the burn 
which destroys the osmotic pressure of the plasma in the area of injury and 
permits the collection of edema in the wound. 

Two misconceptions regarding the distribution of plasma protein are 
current. First, it is believed that the proteins of plasma circulate only within 
the blood stream. On the contrary, the normal capillary membrane is incom- 
pletely restrictive; albumin, and to a lesser extent globulin, pass out in small 
concentration from the plasma into the interstitial fluid. The experiments of 
Drinker on the lymph of dogs, and of others, have made this clear.^ The lymph 
protein, and therefore presumably that of the interstitial fluid, varies from less 
than I per cent in the superficial tissues of an extremity to as much as 5.0 per 
cent in the liver. Though data are limited in the human being to thoracic duct 
lymph and various edema fluids, it is reasonable to expect that comparable 
quantities of protein will be found in man outside of the blood vessels. Since 

Submitted for publication November, 1947. 

T ine work described in this paper was done under a contract, recommended by the 
ommittee on Medical Research, between the Office of Scientific Research and Develop- 
ment and Harvard University. 

IS study was also aided by a grant from the Josiah Macy, Jr., Foundation. 
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the protein outside the vessels is still in circulation, eventually reentering the 
venous blood via the lymph channels, such protein must be taken into account 
when estimating protein requirements and water distribution in the burned 
patient. 

The second misconception deals with the change in concentration of protein 
in the plasma following the burn. Because plasma protein has been proved to 
leak out of the capillary into the wound it has been stated repeatedly that the 
remaining plasma has a lowered protein concentration. The reverse is true. 
The lowered protein concentration found some hours after injury is a 
secondary phenomenon, the result either of withdrawal of water from unburned 
tissues, or therapy, or of both. 

Because an understanding of the redistribution of water and electrolytes is 
essential in the care of the burned patient; an account is given of the observa- 
tions, both experimental and clinical, made by the group studying burns at the 
Massachusetts General Hospital, bearing on the nature of the shift of protein 
following a burn. 

EXPERIMENTAL OBSERVATIONS 

The disordered distribution of protein as a result of a burn has been 
approached experimentally by collecting lymph flowing from the burned foot of 
the dog. The abnormal flow of lymph engendered by the burn indicates the 
volume of water passing through the wound, while the discrepancy in protein 
between the circulating plasma and lymph indicates the permeability of the 
capillary to protein. The nature of the water and protein leakage from the 
plasma and the effect of the leakage upon the residual plasma have been 
examined. Abnormal proteins have also been searched for. 

Lymph Flow and Protein Leakage. The experimental method used is that 
of Drinker. Field, Drinker and White in 1932^ described an increased flow of 
water and protein from capillary to lymphatic trunk through an area of sterile 
inflammation induced by a burn. The foot of a dog was burned by immersion 
in hot water. The lymph was collected through a cannula placed in a lymphatic 
trunk above the ankle. Following the injury the protein concentration rose 
from the normal of 2 Gm./ioo cc. to nearly 4 Gm. The flow initially increased 
by the heat, returned after two and a half hours to that before injury. This 
classic observation, by measurement of lymph flow and protein concentration, 
of abnormal capillary filtration in a burn wound of the foot of the dog has been 
amply confirmed in further work by Drinker and his collaborators,® and by 
ourselves.^ Evidence of increased flow in the lymphatics in burns has also 
been obtained by McMaster in smaller animals.®- ® 

The degree of capillary damage depends to an extent upon the intensity of 
the burn.'*' A burn of the dog’s foot by water at 67 degrees C. for 10 seconds 
is a threshold burn ; it produces a slight, transient increase in lymph flow from 
that foot and a small but significant rise in concentration of the lymph protein. 
More intense burns, by hotter water and by longer immersion, are followed 
by greater flow and protein concentrations ; but no matter how severe the burn, 
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the protein concentration of the lymph is never as high as that of plasma. A 
cooking burn of boiling water for 20 seconds resulted in a lymph protein con- 
centration of only 5.0 Gm. while the plasma protein was 6.7 Gm. The findings 
in a typical experiment of the dog’s foot with a burn of moderate severity are 
depicted in Chart i ; the protein concentration of the lymph rose after burning 
from 1.5 Gm. to 3.5 Gm./ioo cc. (See also Table I; compare slight rise in 
protein concentration of lymph from left foot with that from more severely 


Table I. — Distribution of Albumin and Globulin Proteins in Arterial Plasma and Lynvph 
from the Foot of Dogs Before and After Burning. 


Protein Concentrat'ons 


Sample 

Time 

Hours 

Arterial 
Pressure 
mm. Hr. 

Hema- 
tocrit 
% Cells 

Total 

Gm./lOO 

cc. 

Albumin 

Gm./lOO 

cc. 

Globulin 

Gm./lOO 

cc. 

AG 

Ratio 

NPN 

mg./lOO 

cc. 

Experiment No. 1 

Plasma Pre-burn 


131 

44 

5.9 

4.4 

1.5 

3.0 

23 


Post-burn 

1 

144 

55 

6.4 

3.9 

2.5 

1.6 

21 


Post-burn 

2 


62 

6.1 

3.7 

2.4 

1.5 

22 


Post-burn 


143 

68 

5.9 

3.5 

2.4 

1.5 

31 

Lymph 

Pre-bum 




0.9 

0.7 

0.2 

3.5 

31 


Post-burn 

1 



3.3 

2.3 

1.0 

2.3 

28 


Post-burn 

3 



4. 1 


. . . 


27 


Post-burn 

4 

. • 

. . 

4.4 

2.6 

1.9 

1.4 

30 

Experiment No. 2 

Plasma Pre-burn . . 



34 

6.7 

3.4 

3.3 

1.0 

45 


Post-burn 

4 


32 

6.6 

3.4 

3.2 

1.0 

83 

Lymph 

Pre-burn 




2.2 

1.1 

1.1 

1.0 



(Both feet) 
Post-threshold burn 

4 



2.7 

1.3 

1.4 

0.9 



(Left foot) 
Post-severe burn... 

2 



4.5 

2.9 

1.6 

1.8 



Post-severe burn.. . 

4 

• • • 


4.5 

2.6 

1.9 

1.4 

. 


(Right foot) 


burned right foot.) It is thus clear that a portion only of the plasma protein 
passes with the water through the damaged capillary from blood vessel into the 
lymphatic; there is an unaccounted for fraction, 1.7 Gm. in the cooking burn 
described and more in less intense burns. 

Where is this unaccounted for fraction of the protein? That it does not 
0 ge in the wound is indicated by the observation that fluids removed by 
needle from the wound and exuding on the surface of the wound have protein 
concentrations slightly lower than that of the lymph.® There is only one place 
m" it to be and that is still in the blood stream. 

Piotein Concentration of the Residual Plasma. If the unaccounted for 
plasma protein remains in the blood stream, dissolved in other plasma water, 
en the concentration of the protein in the residual circulating- plasma must 
’ laii, immediately following the thermal injury. In support of this 
ssumption is the finding of an increased protein concentration of the plasma 
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of dogs after burning. Plasma protein concentration was followed in 48 dogs 
burned experimentally (under nembutal anesthesia) and receiving no fluid 
therapy. In 38 an increase in the protein concentration was observed. In 23 
of the 38, only one or two feet were burned and the protein elevation ranged 
from o.i to 1.3 Gm./ioo cc., with an average of 0.44 Gm. ; in three of these a 
subsequent dilution was noted, early in one (Experiment i of Table I) and 
late in two. In the other 15 a larger surface of four legs was burned and the 
protein concentration rose from o.i to 4.7 Gm., averaging a 2.09 Gm. rise. Of 
the 10 remaining animals of the 48, in six, no significant change in concen- 
tration was recorded, and in four, falls in concentration of 0.2, 0.3, 0.8 and 1.3 
Gm./ioo cc. were found. However, the first reading after the burning in each 
of the 10 animals was delayed, being respectively at the sixth, eighth, 28th and 
19th hours in the four whose concentration fell. It is more than likel}’^ that a 
period of increased concentration was overlooked. (Of three dogs maintained 
under nembutal anesthesia but not burned, two showed a 0.2 Gm. decline and 
the third a 0.2 Gm. increase in the protein concentration ; all three showed a 
slow rise in hematocrit. ) 

Osmotic Tension of the Residual Plasma. The increased concentration of 
protein found in the residual circulating plasma means an increase in the 
osmotic tension of the plasma which should be accompanied by a withdrawal 
of fluid from the unburned tissues of the body to the blood stream. The dilu- 
tion of protein succeeding the initial increased concentration indicates such 
withdrawal (Experiment i, Table I). 

What evidence is there that the initially more concentrated plasma does not 
also take back water from the wound? The finding of the slightly lower 
protein concentration in wound and exudate fluid than in the lymph suggests 
resorption of water from the edema fluid before it enters the collecting 
lymphatic trunk. That such resorption by plasma of water in the wound is 
limited, however, is indicated by the following experiment, using hypertonic 
purified albumin.* The lymphatic trunks of the hind feet, the neck and the 
thoracic duct were cannulated ; a control flow of lymph was observed. The feet 
were then burned and when the t3'^pical curve of increasing lymph flow from 
the feet and rising serum protein concentration and hematocrit of the blood 
were established, the animal was given intravenously 31 Gm. of the albumin 
in a 25 per cent solution. The hematocrit fell promptly, reaching its lowest 
level two hours after the injection. This fall in hematocrit represented an 
enlargement of the plasma volume due to absorption of fluid from the tissues. 
That this fluid came virtually entirely from the unburned tissues and not from 
the burn wounds is indicated by cessation of the flow of the lymph from the 
cervical trunk and a drop in thoracic duct pressure while the increased flow 
from the feet engendered by the burn continued. There was a slight decrease 
in flow of the lymph from both feet in the first 20 minutes after the injection 

* This experiment was carried out in collaboration with Dr. James T. Heyl. We are 
indebted to him for his help and to Professor Edwin J. Cohn for furnishing us with the 
purified bovine albumin used. 
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followed promptly b}' a secondary rise to a rate of flow as high as that before 
the injection. This transitory decline in flow was no greater than that often 
encountered in control experiments, but because it appeared simultaneously in 
both feet is believed to indicate a transitory drop in tissue pressure presumably 
due either to a decrease in rate of capillaiy filtration into the wound or to an 
increase in rate of water resorption from the wound area. 

The cessation of flow of the lymph from the cervical region persisted for 
more than three hours in spite of massage and indicated severe dehydration 
of this unburned region of the body. The contrast between this cessation and 
the transitory decrease in lymph flow from the wounds suggests that the 
mechanism for resorption of water locally is also damaged b}^ a burn, the only 
mechanism for return of fluid from the wound remaining intact being the 
lymphatic system. 

The osmotic influence of the increased concentration of protein found in 
the circulating plasma (immediately after injury) upon the water concentra- 
tion of the unburned tissues should depend in part upon its albumin globulin 
ratio. The lower the ratio the less dehydrating it should be. In the next section 
the differential permeability of the damaged capillaiy membrane to albumin 
and globulin and its effect upon the albumin globulin ratio of the residual 
plasma is, therefore, considered. 

Permeabilify of Capillary to Albumin and Globulin. Perlmann, Glenn and 
Kaufman in 1943 examined by electrophoresis the serum and lymph of calves 
before and after burning.^ In keeping with the earlier chemical analyses on 
dogs, as well as on calves, the serum proteins, albumin, alpha, beta and gamma 
globulins, are to be found in normal l)miph ; the relative amount of albumin 
in lymph is higher than in the serum. When first examined, two hours or 
longer following thermal injury in the calf, the albumin globulin ratio of both 
serum and lymph had fallen ; a greater fall was encountered in the lymph from 
the burned than unburned leg. Perlmann et al concluded that a primary effect 
of the injury on the capillary wall was “the increased passage of the plasma 
proteins and a decrease in the differential permeability to albumin.” 

The permeability of the damaged capillary has been investigated in this 
laboratory with radioactive diazo dyes and by chemical analysis of the 
proteins in both the plasma and lymph of dogs. The experiments with the 
radioactive dyes have been published elsewhere.^ The dyes, made radioactive 
by the chemical addition of radioactive bromine, have a rapid and preferential 
affinity for albumin.^”* When injected intravenously in less than saturating 
quantities they bind with the plasma albumin. The rate of their subsequent 
appearance in lymph is a measure of the rate of passage of albumin across the 
capillary membrane. Following a severe burn, immersion in boiling water for 
60 seconds, the dye concentration in the lymph flowing from the burned foot 


he addition of two bromine atoms to the lipoid soluble portion of the dye molecule 
appa^ntly decreases water solubility; the colloidal property of the dye and its “fastness” 
unch j biologic properties relative to the protein bond are apparently 
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rose to that in the blood serum within less than an hour. The total protein 
concentration had risen in the lymph from 2.0 Gni. to only 4.3 Gm./ioo cc. 
while in the serum it started at 7.1 Gm. and gradually rose to 7.7 Gm./ioo cc. 
The conclusion from tliis experiment was that the capillary wall had become, 
as the result of the burn, wholly permeable to albumin but not to the globulins. 

After a less severe burn, boiling water for only 15 seconds, the dye con- 
centration took longer to rise in the lymph and never reached that of the 
serum, indicating: a still incomplete though increased permeability to albumin. 

The chemical analyses** of the plasma and lymiDh proteins of dogs carried 
out in this laboratory support the concept of a predominant loss of albumin 
through the damaged as well as normal capillary membrane. The plasma 
proteins were examined in ii experiments. In seven the alubumin-globulin 
ratio fell, the minimum decrease being from 0.7 to 0.6 and the maximum from 
1.5 to 0.6. These seven experiments include the three in which the ratio was 
measured at two hours or less after injury. Experiment i of Table I is one 
of these three ; the pre-burn ratio was unusually high. In two experiments the 
ratio rose, from i.o before burning to 1.6 at the fifth hour and from 2.5 to 3.5 
at the 28th hour, respectively, after burning. In the remaining two experiments 
the ratio did not change, including Experiment 2 of Table I in which the 
ratio was not measured within the first four hours after burning. 

In only four of these 1 1 experiments was there sufficient lymph for chem- 
ical determination of the ratio both before and after burning. In two there 
was a rise in the ratio. This rise is illustrated in the lymph from the severely 
burned foot (right) of Experiment 2, Table I, the ratio being greater at two 
hours than four hours post-burn. There was no significant change in the ratio 
in this same experiment (Experiment 2, Table I) in the lymph from the 
lightly burned left foot; the total protein rose only 0.5 Gm. In the other two 
experiments, there was a fall in the ratio, but in both experiments the initial 
ratio of plasma and lymph was unusually high (see Experiment i, Table I). 

The fall of the albumin-globulin ratio of the plasma encountered imme- 
diately after injury should reduce the rise in osmotic tension indicated by the 
increase in concentration of the total protein. 

Abnormal Proteins. Perlmann, Glenn and Kaufman in their electro- 
phoretic studies in the calf discovered in the lymph from the burned leg a 
hitherto unseen protein in the range of globulin mobility. They conclude that 
the substance is a protein released from damaged cells. Our efforts toward 
identification of abnormal proteins were limited to a study of the activity of 
certain enzyme systems. Zamecnik^® has been able to recover in the lymph 
from the burned feet of dogs specific peptidases of the types associated with 
intracellular enzyme systems ; it is presumed, therefore, that they were released 
from the cells by the damage. 

The amylase and cholinesterase activities of serum and. lymph before and 
after burning have also been examined. The activities found in seven dogs, 

Chemical separation of the plasma and lymph proteins was carried out by the 
sodium sulfate method of Howe.’^® 


1046 



Volume 12S 
Number 0 


PLASMA PROTEIN SHIFT IN THERMAL TRAUMA 


both in serum and lymph, were proportional to the total protein concentrations. 
The slight variations in activity were no greater than those encountered in 
control animals. The variations usually, but not always, paralleled alterations 
in the protein concentration. These findings are interpreted to mean that there 
is no specific elTect of burn trauma either upon the activity of the two enzyme 


systems as the}'^ relate to the extra- 
cellular fluid (plasma and interstitial 
fluid), or upon the permeabilit}^ of the 
capillary membrane creating a predi- 
lection for their passage. 

The fibrinogen level* of blood and 
lymph was followed in four dogs 
before and after burning. The normal 
level of fibrinogen in the lymph was 
less than half that in the plasma. Fol- 
lowing burning the level in both 
plasma and hunph rose, slightly in the 
plasma, more in the lymph until that 
of the lymph was approximately that 
of the plasma. (There was thus no 
evidence obtained in these few ex- 
periments of retention of fibrin in the 
wound.) 

'' CLINICAL OBSERVATIONS 

It has not been feasible to exam- 
ine the lymph of burned patients; 
analysis of the changes in capillary 
permeability and the shift of protein 
to the wound, therefore, must depend 
upon a comparison of blood plasma 
and the fluid removed from the blebs 
of the wound. 



PRE-BURN POST-BURN 


The chemical and electrophoretic 
studies of plasma and bleb fluid car- 
’■led out on this series of burned 
patients confirm those on animals. As 
the plasma circulating through the 
wound area loses water into the 
ound, a portion of the proteins dis- 
so ved in that water is retained within 
t_uevascula^^ and there is conse- 
* Fibrin 


Chart I. — The increase in flow and 
protein concentration of lymph from the 
foot of a dog following burning. The flow 
of lymph before burning was obtained only 
with massage; following the burn there 
was a spontaneous flow the rate of which 
rose precipitously in the first hour and a 
half. In the same period the protein con- 
centration more than doubled. After maxi- 
mum edema had been reached the flow 
gradually decreased but the protein con- 
centration remained at the same elevated 
level. 


Slykei4 plasma and lymph was measured by the method of Cullen and Van 

e normal plasma level is from 0,3 to 0.6 Gm./ioo cc. 
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quently an initial rise in plasma protein concentration and in osmotic 
power. 

Contrast of Plasma and Bleb Fluid Proteins. The literature records several 
measurements of the protein withdrawn from the blebs of burned patients 
the concentrations recorded are 6o to 8o per cent of that expected of the 
plasma. The interval between injury and withdrawal of the fluid and a simul- 
taneous plasma protein measurement are usually not also recorded. 

The total protein concentration of the fluid of a number of unruptured blebs 
was examined at varying intervals following injury. The fluid was withdrawn, 
without breaking the bleb, by sterile needle and syringe inserted at the side or 
base of the bleb. A few of the patients afforded a sufficient number of blebs 
for repeated taps. A fluid was discarded if the gross appearance of- the wound 
suggested infection or if the fluid was cloudy on withdrawal. Most of the fluids 


Table II . — Concentrations of Plasma and Bleb Fluid Proteins of Burned Patients at 

Varying Intervals Follozving Burning. 


Case No. 

Time 
Post- Burn 


Bleb Fluid 

Proteins 


Plasma 

Protein 

Gm./lOO cc. 

Total 

Gm./lOOcc. 

Albumin 

Gm./lOOcc. 

Globulin 

Gm./lOOcc. 

AG 

Ratio 

116 

2 hrs. 

4.2 

See Table III 

1.71 

7.2 

63 

2 hrs. 

4.6 





58 

3 hrs. 

5.1 

3.9 

1.2 

3.2 


114 

36 hr . 

3.1 

. ♦ . 

. . 

• • » 

5.7 

120 

51 hrs. 

4.3 





120 

54 hrs. 

4.7 

• » . 

• . 

... 

6.5 

81 

3 days 

4.4 

2.8 

1.6 

1.8 


80 

5 days 

4.9 

2.9 

2.0 

1.5 


119 

5 days 

3.6 

. . 



6.6 

119 

5 days 

3.2 

. . 

. . . 

. . . 

6.5 

119 

6 days 

4.0 

. ♦ . 



6.5 

28 

5 days 

3.6 

2.1 

1.5 

1.4 

6.1 

28 

6 days 

3.3 

• . • 



5.9 

28 

12 days 

2.5 





n 

6 days 

2.2 

... 

• > • 


8.1 

38 

7 days 

1.5 

... 

... 


5.4 

19 

7 days 

1.8 

... 

... 

... 

7.0 


were cultured to insure exclusion if bacterial inflammation were present. The 
concentration of the plasma was measured simultaneously in most instances. 
The rate of passage of sulfadiazine from blood stream to bleb fluid was meas- 
ured in three patients at .intervals after injury (2, 60 and 100 hours) in order 
to ascertain whether the intimacy of bleb fluid and blood plasma persisted. 

The total protein concentration of the fluid removed from a bleb of a burn 
wound was found to be always lower than that of the patient’s circulating 
blood plasma. The chemical analyses from representative patients with partial 
thickness burns are given in Table II. The analysis of the electrophoretic 
pattern of the fluid and plasma of one of two patients, generously examined 
for us by Dr. G. E. Perlmann, is given in Table III. The protein concentra- 
tions of bleb fluid and plasma of patients correspond closely to those of the 
lymph from the burned foot and plasma of dogs. The highest concentrations 
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in the bleb fluid are found within the first days following the burn. The fluids 
withdrawn after the fifth day show concentrations decreasing with time, sug- 
gesting not only resorption or breakdown of proteins as healing progresses, 
but also that the protein concentration of the normal interstitial fluid is con- 
siderably lower than that of the wound edema fluid, and at least as low as that 
of the normal peripheral lymph of the dog. 


20.0 ~ 


w 15.0 - 


-j 

UJ 

> 

UJ 


UJ 

2 


N 

< 

Q 


_J 

3 


(A 


10.0 - 


5.0 - 



Blood Level 


Bleb Level 


HOURS AFTER BURN 

Chart II. — Case iig. Concentration of sulfadiazine in blood and bleb fluid 
after withholding the drug until the fourth day. The patient had a partial thickness 
skin burn with multiple blebs. Four grams of sulfadiazine were given by mouth 98 
hours after the burn. The rise in concentration in the bleb fluid is almost as 
prompt as in the blood stream indicating rapid exchange through the wound even 
at this late time after the burn. (Reprinted with the permission of The Journal 
of the American Medical Association.) 



The albumin-globulin ratio of bleb fluid is high, higher than that of the 
plasma in the first hours after injury (see Table II, Case 58, and Table III). 
The observations made after 36 hours show it to be in the range of that of 
normal plasma. Too few observations have been made to tell when the ratios 
of plasma and bleb fluid approach each other. The ratio of the one bleb fluid 
observed at 36 hours was still increased as compared with that of the plasma, 
but the plasma had an abnormally low ratio and total protein concentration, 
perhaps related to the patient’s preexisting, diffuse osteoporotic disease of the 
bones of unknown etiology. 
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The results of the study of the passage of sulfadiazine from plasma to bleb 
fluid have already been reported^'^’ but a resume is given here to emphasize 
the rapidity with which the plasma and the fluid of the non-infected burn bleb 
communicate with each other, even as long as five days aftei injury. To a 
patient with several blebs suitable for multiple tappings, sulfadiazine was given 
by mouth at the ninety-eighth hour after burning (Chart II). The level of 
sulfadiazine was observed in both plasma and bleb fluid by analysis of samples 
of each fluid taken at the second, fourth, eighth and twelfth hours after tlw 
first dose of sulfadiazine. The rise in the level of sulfadiazine in the bleb fluid 
was found to lag only slightly behind that in the plasma. 

These observations in burned patients point to an increased but incomplete 
permeability to protein of the capillary membrane damaged by a burn, as in the 
dog. There is apparently a greater permeability to albumin immediately 
following injury. That the findings in the bleb fluid are not due to a stagnant 
puddling of the fluid is suggested by the promptness of the passage of the 
sulfadiazine from the plasma into the bleb. 


Table III . — Electrophoretic Observations ott Blood Serum and Bleb Fluid of Case 116. 
{Electrophoresis carried out in Na-diethylbarbituraic buffer of pH 8.6 and 

ionic strength 0.1) 


Concentrations in Percent of Total Protein 


Protein Globnlin 

Gm./lOO 


Time Post-Burn 

cc. 

AG Ratio 

Albumin 

Alpha- 1 

A!pba-2 

Beta 

Gamma 

Serum No. 1 — 2 hours.. 

.. 7.2 

1.00 

50.0 

7.9 

6.4 

18.9 

16.5 

Serum No. 2 — 6 hours.. 

., s.s 

.85 

45.9 

10. 1 

11.3 

IT. 8 

14.9 

Bleb fluid — 2 hours ... . 

.. 4.2 

1.71 

63.1 

7.4 

3.7 

12.3 

13.5 


Protein Concentration of Residual Plasma. If one can assume that bleb 
fluid is essentially burn wound fluid, the filtrate from the damaged capillaries, 
the finding that the bleb fluid protein concentration is lower than that of the 
plasma, indicates that only a part of the plasma protein escapes with the plasma 
water from the capillary into the wound,* In the patient as in the experimental 

* In the burn wound both of the human being and of the dog there are doubtless 
gradations of capillary damage and of increased permeability of the capillary membrane. 
The capillaries nearest the surface must receive the maximum trauma and their mem- 
branes may be rendered so permeable that circulation ceases within them, the lumen 
becoming plugged with cells. Those deepest in the wound must receive minimal damage 
and, as judged by the experimental observations, allow to seep out a fluid only slightly 
increased in volume and with a protein concentration only slightly higher than normal. 
From the capillaries between these extremes, the volume and the protein concentration of 
the filtrate presumably varies with the depth of the capillary. Thus the wound fluid, or 
the lymph flowing from a wound, should be a mixture of capillary filtrates. Whether or 
not the fluid is a mixture is an academic question ; the concentration of protein remaining 
in the vascular tree will depend upon the final concentration in the entire wound area 
and the total volume of fluid seeping into the wound rather than upon the concentration 
of the filtrate from any one capillary. 
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animal, therefore, an increase in concentration of the protein in the residual 
circulating plasma is to be expected in the first hours after injury. It is of 
course not possible to obtain in the burned patient the necessary control blood 
sample to test this assumption, for the patient arrives in the hospital already 
burned. Based on two sets of observations, we have the impression, however, 
that such is the case. 

The protein concentration of the plasma within the first three hours after 
injury and before the onset of therapy in 19 extensively burned patients in 
whom this measurement was obtained, was 7.0 Gm./ioo cc., the range being 
from 6.3 to 7.7 Gm. The lowest level encountered was in the plasma of a six- 
year-old boy who had long been a feeding problem and was undernourished ; 
also included are another previously ill patient and three chronic alcoholics, 
all of whose levels were among the lowest found. The average of the highest 
protein concentration observed within the first 12 hours after injury and after 
onset of therapy in 46 patients with either extensive burns or circumscribed 


Table IV. — Plasma Proiein Conceutratiov oj Two Extensively Burned Patients in the 

Initial Ho^irs after Injury. 


Case No. 

Extent of 
Burns 

Hours After 
Burning 

Plasma Protein 
Gm./lOO cc. 

Hematocrit 
% Cells 

217 

78% 

0.8 

6.9 

SO 



1.5 

6.5 

43 



5.5 

6.9 

SO 



8.0 

8.0 

51 



11.0 

7.3 

48 



17.0 

6.0 

39 



20.0 

5.4 

42 

254 

45% 

1.3 

7.7 

SO 



3.5 

8.0 

50 



4.5 

7.1 

47 



8.0 

7.4 

46 



11.0 

7.4 

47 



14.5 

6.4 

43 


skin burns and pulmonary damage, was 7.5 Gm./ 100 cc., with a range of 6.3 
to 9.5 Gm. These averages and ranges are above those generally accepted as 
normal. Phillips, Van Slyke et give a range of 6.0 to 7.3 Gm./ 100 cc. Our 
own observations agree with this range for normal adult human beings. 

The reinforcement of the concept that the initial change in plasma protein 
level is toward an increasing concentration was encountered in burned patients 
whose therapy was either delayed or adjudged inadequate in the first few 
hours after entry to the hospital. The findings in two patients (Cases 217 and 
254) illustrating this event are given in Table IV. During the period of 
madequate treatment there was either no change or a rise in the total protein 
concentration of the plasma. Inadequacy of therapy in these patients was 
judged by the failure of the hematocrit to fall promptly toward normal, or 
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because it rose further, or because the urinary output was meager. In contrast, 
the extensively burned patients receiving therapy adequate for rehydration as 
judged by a falling hematocrit and renal output of 30 cc. or more per hour, 
were found to show a decrease in plasma protein concentration. 


COMMENT 

Survival of the burned patient dejiends upon the maintenance of a physio- 
logic environment for the cells of the unburned organs. Excessive dehydration 
or hydration can conceivably result in irreversible injury. From examining the 
shift in protein from capillary to wound, the character of the residual protein 
in the plasma has been determined ; it is this protein which controls the 
osmotic balance between plasma and the interstitial fluids caring for the 
nutrition of the unburned cells. Its initial increase in concentration in the 
absence of therapy means that the unburned tissues are being dehydrated. 

Two qualifications are indicated in interpreting the observations recorded 
in this paper. The osmotic tension of the residual circulating plasma is pre- 
sumably not as high as suggested by the total protein concentration ; the 
decrease in the albumin-globulin ratio tends to cancel the rise in osmotic power. 
No measurements of the osmotic tension were carried out. 

The second qualification is in regard to the origin of the decrease in the 
albumin-globulin ratio in the plasma. In addition to the preferential loss of 
albumin through the damaged capillary into the wound, new globulin may be 
added to the circulating plasma. White and Doughert}'"'^ have described in 
experimental animals a disintegration of lymphocytes with release into the 
circulation of globulin protein as a result of the administration of either 
adrenotropic or adrenocortical extracts. Selye has found adrenotropic and 
adrenocortical hyperactivity to be an expected sequel of trauma.-^ The relation 
of the lymphocyte-protein release to the endocrine system in the human being 
ollowing burn trauma is discussed in a subsequent paper.-- But it remains 
to be Jscovered to what extent in the burned patient such a reaction to trauma 
contributes to the change in albumin-globulin ratio of the plasma of the burned 
patient. It obviously cannot account for the entire fall of the ratio in the 
p asma ; in such case the ratio in the lymph of the burned dogs and in the bleb 
fluid of the patients would be identical with that of the plasma. 

The seeming difference between the observations of Perlmann, Glenn and 
Kaufman in the burned calf and ours in the burned dog and human being is 
probably one of interpretation, not of fact. It is possible that had Perlmann 
et al measured samples of lymph within the first two hours after injury, results 
comparable to ours in the same period would have been found. 

he interest of Perlmann and her colleagues was centered on the search 
for abnormal proteins the result of burn damage; a hitherto unidentified 
protein in the range of globulin mobilit5^ was disclosed by electrophoresis in 
cLmTn ; ^ T Perlmann was unable to find by electrophoresis a 

ex W M of the two patients of this series 

examined by her. In examining the bleb fluid of nine of the burned and one 
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frostbitten patient, Doctor Zainecnik found ii-fold differences in peptidase 
activity indicating the occasional release of such intracellular enzymes in the 
wounds of human ])eings as well as in dogs. Our search for other abnormal 
proteins in burned patients by measurement of cholinesterase and amylase 
activity of bleb fluid and plasma proved negative. 

CONCLUSIONS ^VND SUMMARY 

The nature of the shift of protein from the vascular bed into the burn 
wound has been examined experimentally and in the burned patient. In the 
dog the flow of protein through the wound has been measured by collecting 
lymph and in the patient by comparison of plasma and bleb fluid. Comparable 
results with the same implications have been found in the dog and the 
human being. 

Proteins and fluid are in continuous slow circulation through the burn 
wound, returning to the blood stream via the lymphatics. The free flow in the 
lymphatics apparently accounts for the rapid resorption of edema in the 
uninfected burn wound after 48 hours as the capillary membrane heals, 
resorption is more rapid than the filtration from capillary into wound. 

The total protein concentration of fluid in the burn wound is always lower 
than that of the plasma ; more water than protein is lost from capillary into 
wound. The initial change in the residual circulating plasma is therefore an 
increase in concentration of total protein. This more concentrated plasma 
presumably exerts an increased colloid osmotic pressure in the unburned 
regions of the body. Following resorption of water from unburned tissues 
and fluid therapy, this increased concentration of the proteins of the residual 
plasma is replaced by a dilution. 

The initial increase in protein concentration and osmotic power of the 
circulating plasma is not encountered following a hemorrhage of whole blood 
where the entire plasma is lost.-'* For a given loss of water from the vascular 
bed, that is for an equal reduction in blood volume, the undamaged tissues of 
the burned patient face a more rapid dehydration than those of the patient 
following a hemorrhage. 

In addition to differences in total protein concentration, there are also 
differences in the albumin-globulin ratio of wound fluid and plasma. These 
differences depend upon differential capillary permeability; a greater than 
normal proportion of albumin passes the damaged membrane. The wound fluid 
thus has a higher ratio than plasma and the plasma ratio falls initially. This 
fall in ratio of the plasma presumably tempers the rise in osmotic power indi- 
cated by the increase in total protein concentration. 

n a search for abnormal protein as a result of the injury, enzyme systems 
lave been investigated in both plasma and lymph. An increase in activity was 
ound of a peptidase of intracellular type in dog lymph following burning with 
wergent activities in bleb fluid of the human being.*® The amylase and 
c 10 mesterase systems of blood and lymph of the dog were also studied before 
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and after burning. Neither evidence of disturbance of these enzyme systems 
nor of preferential passage of tliese proteins througli the damaged capillary 
membrane was found. 
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TRAUMATIC CHYLOTHORAXn 

A REVIEW OF THE LITERATURE AND REPORT OF A CASE TREATED BY 
LIGATION OF THE THORACIC DUCT AND CISTERNA CHYLI 
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Robert V. Leavis, M.D. 

FROM THE SURGICAL SERVICE OF THE RHODE ISLAND HOSPITAL, 

PROVIDENCE, RHODE ISLAND 


INTRODUCTION 

Traumatic chylothorax, aecording to Zesas,"" was first described by 
Longelot in 1663. It is a rare condition with a grave prognosis. In 1938 
Shackelford and Fisher®^ reviewed the literature, discarded ii incomplete 
cases, summarized 39 remaining, and added two of their own. In 1947 
Lampson'*® summarized 17 subsequent reports and added one of his own, 
making a grand total of 59 which have been recorded. Olsen and Wilson®® 
were able to find only nine cases of chylothorax from any cause in the records 
of the Mayo Clinic, but since seven of these nine were discovered between 
December, 1942, and November, 1943, they concluded that chylothorax is more 
frequent than a review of the literature might indicate, and that the diagnosis 
is frequently not made. On the other hand, Elliott and Henry®'* found only 
two cases out of a total of 600 samples of hemothorax fluid examined, cover- 
ing an “experience of far more than a thousand chest wounds.” The relative 
infrequency of chylothorax in war wounds is explained on the basis of the 
close proximity of the thoracic duct to Antal structures, injury of the one 
implying fatal damage to the others. 

embryology and anatomy 

Lymphatics arise independently of blood vessels from discrete mesenchymal 
spaces Avhich become lined by endothelial cells. The adult lymph system is 
derived by a process of fusion and budding of these anlagen. Lymph sacs 
develop AAnth openings into veins. Taa^o of these, the right and left jugular, 
persist and become the openings of the right lymphatic duct and the thoracic 
duct, respectively, into the great veins of the neck. Another lymph sac, lying 
anterior to the body of the second lumbar vertebra, becomes the cisterna 
chyli. The embryonic thoracic ducts are bilateral and have numerous cross 
anastomoses. Persistence of these real or potential cross anastomoses becomes 
an important factor in tbe development of collateral lymph circulation following 
injury to or obstruction of the duct.** 

* Appreciation is expressed to Drs. David Freedman, J. Murray Beardsley, Russel 
O. Bowman, R. Starr Lampson and Edward D. Churchill for their help, advice and 
encouragement in the treatment of our patient, 
t Submitted for publication. May, 1948. 
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The anatomy of the thoracic duct has been investigated by numerous 
authors.^^’’ The duct varies from four to six millimeters in diameter. 

Its walls are composed of smooth muscle and fibrous tissue.^ It has its origin 
from an irregular triangular sac-like dilatation, the cisterna chyli, which is 
situated on the anterior surface of the body of the second lumbar vertebra, to 
the right side of and behind the aorta, by the side of the right crus of the 
diaphragm. Tributary trunks, the bilateral lumbar and the intestinal, enter 
the cisterna from below. Immediately cephalad, at the commencement of the 
thoracic duct, on either side, is a descending trunk draining the lymph from 
the lower six or seven intercostal spaces.'"'- Entering the thorax through the 
aortic hiatus of the diaphragm, the duct ascends between the azygos vein and 
the aorta to the fifth thoracic vertebra, where it inclines toward the left, enters 
the superior mediastinal cavity, and ascends behind the arch of the aorta and 
the left subclavian artery, and between the left side of the esophagus and the 
left pleura, to the upper orifice of the thorax. Passing into the neck the duct 
forms an arch which rises to a variable extent (as much as five and one-half 
centimeters)'"^ above the clavicle. It then crosses anterior to the subclavian 
artery, the vertebral artery and vein, and the thyrocervical trunk or its 
branches, and empties into the vascular system at the angle of junction between 
the left subclavian and left internal jugular veins. 

The right thoracic duct is about 1.25 centimeters long, and normally ends 
in the right subclavian vein at its junction with the right internal jugular. This 
duct and its tributaries drain the right side of the head and neck, the right 
upper extremity, the right side of the thorax, right lung, right side of the 
heart, and part of the convex surface of the liver. 

Lymph from the remainder of the body, and intestinal chyle, pass into the 
venous system by way of the main thoracic duct. 

The lower thoracic duct and cisterna chyli represent the “hub” or central 
collecting point of the chyle and the major portion of the lymph from the 
entire body. 

The usual textbook description of the thoracic duct, as above portrayed, 
does not take into account the extreme variability, based on differences in 
embryonic development, which may occur. 

Davis^^ described nine types, ranging from the complete persistence of 
bilaterally symmetrical ducts to the persistence of one single trunk. Stuart*'^ 
summarized the anatomic variations of the thoracic duct and said that the 
usual description as a single channel throughout its course “may almost be 
1 egarded as a description of an abnormality, so frequently is it found to branch 
and subdivide.” He mentioned cross anastomoses between double branching 
ducts within the thorax and called them “surgically unimportant” ! 

^ Brinton^® described the various ways in which the thoracic duct empties 
into the veins of the neck. He stated that at the mouth of the duct in the wall 
0 the vein there are two valves which prevent backflow of blood into the 
the^^^ channel. Sometimes it empties into the right side, and sometimes 
lere are several openings into the vein, producing a delta-like arrangement. 
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Parsons and Sargent^® showed that the duct has two terminal branches in 
1 8 out of 40 cases. 

Dissections at the Rhode Island Hospital, carried out by Dr. Charles Begg 
(Fig. 4), have emphasized the important relationship of the thoracic duct to 
the sympathetic nervous system. It is not generally recognized that low in the 
right chest the duct may lie directly against the azygos vein and that the great 
splanchnic nerve may lie directly over the vein. These relationships vary. 
Frequently the splanchnic nerve is within a few millimeters of the thoracic 
duct at this level. 

Variations in position of the sympathetic nervous system likewise occur 
and in those subjects where the great splanchnic nerve enters the abdomen 
through the aortic hiatus®"^ the thoracic duct and splanchnic nerves are of 
necessity ver)’’ closely related. 

Because of its many variations in position and its close proximity to the 
esophagus, pericardium, pleura, great vessels and sympathetic nerves, surgical 
injury of the thoracic duct has become an increasingly important hazard as 
modern surgery invades the deeper structures of the neck, chest and upper 
abdomen. Harvey Cushing’s statement® is no longer true that the main part 
of the duct lies in a surgically forbidden region of the body and that “in the 
neck alone, and there only, under unusual circumstances is it accessible.” 

PHYSIOLOGY 

The function of the thoracic duct is the conveyance of chyle and lymph 
into the general circulation. Chyle flows at the rate of .38-3.9 cubic centi- 
meters per minute^^ or at the rate of 60-190 cubic centimeters per hour.'*^ With 
complete severance of the duct it is therefore theoretically possible to lose over 
four liters within a 24-hour period. Pressure within the duct is normally low, 
but after ligation may be as high as 35 centimeters of water.”^ Flow of chyle 
is favored by the slightly higher pressure in the duct than in the veins and by 
respiratory motion with its fluctuating changes of intrathoracic pressure. 
Intestinal peristalsis, muscular activit}'^, and coughing or straining increase 
the intraductal pressure. Beck® suggested that the pulsations of adjacent 
arteries may be an important factor in producing lymph pressure. 

CHYLE 

The composition of chyle is unique and characteristic^® and has been 
described by many authors.^®’ ®®’ 

The chief characteristics of ch)dous fluid®'^ are : 

1. Milk}'- appearance. 

2. Generally shows distinct creamy layer on standing. 

3. Finely emulsified, with fine fat globules. 

4. No odor or odor corresponding to that of food eaten. 

5. Alkaline reaction. 

6. Specific gravity generally exceeds 1.012. 

7- Degree of opalescence more or less constant. 

8. Sterile and resists putrefaction. 
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9. Fat content generally high, 04 to 4 per cent, and like fat in food. 

10. Total solids nsiially greater than 4 per cent. 

11. Total protein generally exceeds 3 Gm. per 100 cubic centimeters. 

12. Salts and organic substances approximate the values found for chyle 
from the thoracic duct. 


The chemical analysis of chyle and lymph in man (Munk), quoted by 
Lewin"*^ is as follows : 


Water 

Solid 

Fibrin 

Proteins 

Fats, licithin and cholesterin 

Extractives 

Salt 


Chyle 

92.2 per cent 
7.8 per cent 
o.i per cent 

3.2 per cent 

3.3 per cent 
0.4 per cent 
0.8 per cent 


Lymph 
95.2 per cent 
4.8 per cent 
1 .0 per cent 
3.5 percent 
traces 

0.4 per cent 
0.8 per cent 


Sixty to 70 per cent of ingested fat is conveyed to the blood stream by 
way of the thoracic duct." The fat content of chyle varies with the diet.®^ 

The protein content of chyle is less dependent on diet and varies from one 
to six Gm. per 100 cc.^“ It is usually above three Gm. per 100 cc. 

Lampson^® has demonstrated that chyle is bacteriostatic against cultures of 
Escherichia coli and staphylococcus aureus. His work explains the fact that 
chyle resists putrefaction. Empyema is rarely mentioned as a complication of 
chylothorax in the literature. 

Chyle is an important vehicle for the mobilization of proteins. In the pres- 
ence of hemorrhage, protein is redistributed via the thoracic duct and made 
available for essential functions.^® 

Any description of chylous fluid is incomplete without mention of the 
fact that it is rich in lymphocytes. Injuries to, or obstruction of the thoracic 
duct are known to be associated with diminution or disappearance of lympho- 
cytes and eosinophiles from the circulating blood.®' ®®' ®®’ Davis and 
Carlson^® state that ‘'normally the lymphocytes enter the blood with the lymph 
stream, and not by direct migration through the capillary walls from their 
place of formation. They are as much a part of the lymph as the erythrocytes 
and leucocytes are of the blood. Red blood cells are not to be regarded as 
normal constituents of the lymph.” 

A progressive fall in lymphocyte percentages in the blood is one of the 
clinical manifestations of chylothorax. 

We have been unable to find any explanation for the reported reduction 
or disappearance of eosinophiles. 


ETIOLOGY OF CHYLOTHORAX 

The^ causes of traumatic chylothorax as described by Shackelford and 
isher and Lampson^® are shown in Table I. 

It is possible that these summaries may not include all reported cases of 
traumatic chylothorax when it is remembered that so-called spontaneous 
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cases, especially in infants,'’ may actually have been produced by hyperexten- 
sion of the spine during delivery, or too vigorous manual attempts at resusci- 
tation^'' or coughing and vigorous crying. 

It is interesting to note that no cases of surgical trauma of the thoracic 
duct were mentioned in Shackelford and Fisher’s report and that four cases of 
surgical intrathoracic injury of the thoracic dvict resulting in chylothorax have 


Table I 




Shackelford 
and Fisher 

Lampson 


(1938) 

(1947) 

Crushing injuries 

17 

1 

Wounds (bullet and stab) 

8 

5 

Fall from height 

6 

2 

Blow on chest 

5 

2 

Thrown against seat of auto 

4 


Hyperextension 

1 

, . 

Auto accident with collision 

• • . . 

2 

Hit by auto 

• • « * 

1 

Severe coughing 

• • • > 

1 

Surgical accident 


4 


41 

18 


been reported since 1938. These resulted from lysis of adhesions of the left 
lung by thoracoscope, resection of a Ewing’s tumor of the right tenth rib and 
vertebra,"® and from injury to the duct during sympathetic denervations.""- 
The first two survived ; the last two died. 

In Whitcomb and Scoville’s case injury to the duct was recognized at the 
time of sympathectomy and the duct was doubly occluded, above and below, 
with silver clips. The patient nevertheless developed chylothorax and subse- 
quently succumbed during the intravenous administration of chyle. It occurs 
to us that metal clips are not the safest agents available for the ligation of such 
a delicate structure as the thoracic duct. 

Feet and Campbell’s case likewise occurred as a complication of sympathec- 
tomy and succumbed suddenly following surgical ligation and the intravenous 
administration of chyle. 

Although only four cases of accidental intrathoracic surgical injury of the 
thoracic duct resulting in chylothorax have been reported, such injuries are 
not as rare as might be supposed. 

We know of one recent case of traumatic chylothorax following sympa- 
thectomy"'' and another as a result of erosion of the thoracic duct from a 
catheter placed in the chest for drainage of an empyema.'''^ Several cases have 
been observed following resections of the esophagus^®- for tumors of 
that organ. 

Occasional injury of the thoracic duct is inevitable, even in the most 
experienced hands, during extensive intrathoracic procedures, especially 
esophagectomy and sympathectomy. Indeed, the adequate removal of certain 
tumors of the esophagus may require deliberate section of the duct. Smith- 
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wick*’'” estimates that he has injured the thoracic duct 15 or 20 times in his 
extensive experience with thoracolumbar sympathectomy, Chylothorax devel- 
ojDed in only one case, where injury of the duct at the time of operation was 
not recognized and adequately treated. 

The importance of recognition and immediate appropriate treatment of 
accidental surgical injuries of the duct in the prevention of chylothorax cannot 
be overemphasized. 


PATHOLOGY 

There is considerable discus.sion in the literature as to the actual mechanism 
of the development of chylothorax following injury to the thoracic duct, since 
anatomically the duct is c.xtra-plcural in jDOsition, and since chylothorax, by 
definition, is an accumulation of chyle within the ])leural cavity. Watts'^'^ 
quoted Hammesfahr to tlic effect that chyle escapes into the jdeural cavity 
through the normal intercellular spaces between the endothelial cells, but 
Lillie and Fox'*'' quoted J. L. ’^'ates to the effect that there are no intercellular 
spaces in this region, and a jierforation of the pleura is always present though 
frequently not recognized. 

Blalock, Cunningham and Robinson® slate that in their experimental ani- 
mals “chyle entered the pleural cavity through an uninjured pleural layer.” 

Retropleural accumulations of chyle have been reported, and it is 
probable that the usual delay which occurs between injury and the develop- 
ment of chylothorax represents the time required for erosion of the contiguous 
pleura and perforation of an enlarging chyloma into the pleural cavity.®'^’ 


DIAGNOSIS 

Traumatic chylothorax is more common on the right than on the left except 
in the case of penetrating injuries, where it is more common on the left,'^'^’ 
As a general rule, injuries low in the thorax result in right chylothorax and 
high injuries in left.®'' 

The signs and symptoms are what might be expected upon the rapid 
accumulation of chyle within the jjleural cavity. The immediate effects are 
inechanical in nature, resulting from compression of the lung, reduction in 
vital capacity and perhaps a shift of the mediastinum, with angulation of the 
great blood ves,sels,®"’ ®® They are as follows : 

1. Delay in onset, two days to six and one-half years'* following injury. 
The usual period of delay is two to ten days."*^® 

2 . Dyspnea — of sudden onset, 

3- Shock, with elevated thready pulse, low blood pressure, pallor, cold 
^ammy skin, and .subnormal temperature. 

4- Rapid and complete relief of symptoms following thoracentesis, 

5- Reaccumulation of fluid and recurrence of symptoms, depending upon 
the quantitative escape of chyle into the pleural cavity. 

The rapidity of onset and severity of symptoms, and the equally rapid 

lef following thoracentesis are characteristic and distinguish the condition 
rom shock clue to hemorrhage or other cause. Because of the pinkish gray 
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purulent appearance of the fluid, the unwary observ^er may be led into the 
mistaken diagnosis of empyema, or hemothorax.’’' 

The secondary symptoms and frequent lethal termination of chylothorax 
result from persistent loss of fluid, fat, protein and lymphocytes in cases where 
healing does not take place spontaneously or where successful surgery is not 
accomplished. In other words, the patient “bleeds” to death, his death being 
due to loss of lymph and chyle, rather than to loss of actual blood. 

These signs and symptoms may be listed as follows : 

1. Gradual or rapid loss of weight. 

2. Dehydration. 

3. Reduction in serum protein, mirroring a more significant loss of total 
body protein. 

4. Reduction in blood and tissue fat. 

5. Disappearance of lymphocytes and eosinophiles from the circulating 
blood. 

6. Inanition, oliguria, thirst. 

7. Death. 

The patient may live for weeks or months, or die in a few days, depending 
upon the extent of the injury to the duct, complications of the original trauma, 
and the type and effectiveness of the treatment instituted. 

Chylopericardium'^® and chylous ascites®®* may occur in association with 
chylothorax. These are unusual and rare complications. 

The diagnosis of chylothorax is not difficult. The clinical characteristics 
as described might conceivably be confused on rare occasions, but aspiration 
and laboratory identification of the intrapleural chyle gives conclusive evidence. 

MORTALITY 

Mortality rates for chylothorax approximate 50 per cent. In Mouchet’s®® 
43 cases, the death rate was 41 per cent. McNab and Scarlett^’’ reported 53 
per cent and Lampson'’® 45 per cent out of a total of 58 cases analyzed. 

TREATMENT 

There is one universally stated and generally accepted maxim concerning 
the treatment of chylothorax to be found in the literature, and that is, “Do 
not operate.” As has already been mentioned, Harvey Cushing described the 
intrathoracic duct as lying in surgically forbidden territory. In a personal 
communication to Lillie and Fox^® in 1934, J. L. Yates said, “Ligation in the 
chest is almost certainly fatal.” Florer and Ochsner®’’^ say, “Direct surgery 
to repair the duct has been completely unsuccessful, resulting in 100 per cent 
mortality.” Following a practice attempt at ligation below the diaphragm in a 
cadaver Shackelford and Fisher®® say, “Surgical ligation of the duct is physio- 
logically compatible with life, but clinically impractical at present.” The pre- 
ponderance of opinion against direct attack upon the ruptured intrathoracic 
duct is almost overwhelming.®* ®®* ®®' 

The accepted treatment of chylothorax has as its aim (i) Reduction of 
the volume of chyle and the prevention of respiratory and vascular collapse 
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from intrapleural pressure; (2) Maintenance of nutrition, and (3) Measures 
designed to favor healing of the injured duct. A summary of these various 
procedures follows : 

1. Prevention of the mechanical eflfects of chylothorax. 

a. Limitation of fluid intake. 

b. Low fat diet. 

c. Avoidance of lymphagogues, especially intravenously." 

d. Repeated thoracentesis. 

2. Maintenance of nutrition. 

a. liigh carbohydrate, high protein diet. 

b. Maintenance of fluid balance. 

c. Transfusions of blood, plasma, and blood substitutes. 

d. Feeding of chyle by mouth.''^® 

e. Feeding of chyle by rectum. 

f. Intravenous administration of chyle.^- 

g. Intrastcrnal administration of chyle.*'’*’ 

3. Measures to promote healing. 

a. Phrenicotomy or phrenic neurotripsy 

b. Pneumothorax. 

c. Phrenicolysis and pneumoperitoneum.-' 

d. Retropleural drainage.^^’ 

e. Thoracotomy or thoracoplasty.*’®’ 

f. Injections of sterile broth.*'®’ 

g. Injections of Gomenol in oil.^® 

h. Intrapleural irrigations with azochloramid."’ 

i. Roentgen-ray therapy.®®’ 

j. Surgical ligation. 

One need only remember the mortality statistics of chylothorax to realize 
that the above measures are not eminently successful. Repeated thoracentesis 
and the maintenance of nutrition are certainly essential, but the latter is most 
difficult to achieve. In the last analysis, cure of the condition depends upon 
the establishment of collateral lymph circulation and/or the closure of the 
injured duct. 

In cases of frank laceration of the thoracic duct, it is impossible to maintain 
normal fluid, fat, and protein reserves by dietary methods.'^® In spite of high 
protein diet, values for serum protein progressively decline. Limitations of 
fluid intake and dietary fat do not reduce the volume of chyle.®® The pro- 
gressive loss of protein is more important than is the loss of fat.'*® 

Parenteral introduction of chyle, first recommended by Oeken,®® has appar- 
ently been of benefit in some cases,®’ ®'*’ ®® but has not reduced the over-all 
mortality of 50 per cent.’'® This treatment is hazardous. Blalock and co- 
’.vorkers^’’ reported the extension of a preexisting thrombophlebitis in their 
case following the administration of aspirated chyle. Schnug and Ransohoff®^ 
reported a marked phlebothrombosis which made intravenous administration 
difficult. In 1938 Johnson and Freeman®® presented evidence that there is some 
lemolytic agent in chyle and in 1940 they®® stated that only thoracic duct 
ymph has this property, other lymph not being hemolytic. In 1942 Whitcomb 
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and Scoville'"’ reported a sudden death during the intravenous administration 
of chyle. They attributed the death to anaidiylaxis. Other cases of sudden 
death following this treatment have been recorded.^'’ 

Phrenic neurotripsy, as recommended by Nowak and Barton,"^ is an 
ingenious suggestion, the object being to favor healing in low injuries of the 
duct. Healing in their case was “presumably due to elongation and narrowing 
of the crural sulcus with apposition of the diaphragmatic and mediastinal 
parietal pleurae.” Other mechanisms suggested were reduction of the aspi- 
I'ating action of respiratory movements on the open duct and increased 
tendency for clot formation due to limitation of respiratory movements. The 
value of this treatment would depend in part upon the location of the lesion. 
It has been employed with doubtful results by several authors.-"- 

Other methods of indirect attack upon the injured duct are also of ques- 
tionable value. There is no successful method of producing intrapleural tam- 
ponade by air or fluid.*^® Thoracotomy or thoracoplasty should be discarded. 
The injection of fibrinogenic agents is a blind and uncertain procedure. So far 
as drainage of retropleural chylomas is concerned, it would seem more logical 
to attack the duct directly, since the surgical exposure would be mucli the 
same. Roentgen-ray therapy might be of value if rupture of the duct were 
due to neoplasm.'^-’ 

INTRATHORACIC SURGICAL LIG.A.T10N OF THE THORACIC DUCT 

We have been able to find only two recorded reports of surgical ligation 
of the thoracic duct in the chest for the treatment of chylothorax. The first of 
these^® followed sympathectomy for hypertension. The patient was operated 
and the injured duct successfully ligated, but the patient died suddenly on 
the table. Chyle had been administered intrasternally without evidence of 
harmful effect in the preoperative period. Intravenous chyle was administered 
during the operation. Autopsy did not reveal the cause of sudden death. 

Lampson"*® reported the second case. The cause of chylothorax in his 
patient was obscure, and was presumed to have been the result of strenuous 
coughing. His approach was through the left sixth rib bed. The duct was 
identified and ligated after incision of the mediastinal pleura anterior to the 
aorta, retraction of the esophagus anteriorly and the aorta to the left and pos- 
teriorly. One year following operation there has been no reaccumulation of 
chyle but his patient has great difficulty in maintaining her weight and there 
has been some residual fixation of the left chest. 

Lampson mentions another case of successful ligation of the thoracic duct 
in the left chest by Dr. R. H. Meade, who approached the duct from behind 
the aorta, rather than from between the esophagus and the aorta. Lampson 
does not desire to report Meade’s case, and does not include it in his 
historical review. 


C.\SE REPORT RHODE ISLAND HOSl ITAL 

NO. 420265 

^Irs. G. H., a 35-year-old housewife, was first admitted to the Rhode Island Hospital 
on December 10, 1941, complaining of headache of 2 years’ duration. She was said to 
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have liad high blood pressure since the birth of the last of her 3 children 12 years 
previouslj'. Her father and mother had been hypertensive. 

Physical examination revealed marked elevation of blood pressure and rather extreme 
obesity (181 pounds). Preoperative sedation and other tests indicated a possible 
favorable outcome from sympathectomy, which was performed by one of us (R, R. B.) 
in two stages, on December 19th, and December 29th, 1941. Subcostal incisions, with 
removal of the twelfth ribs, were made. The diaphragm was incised, and the sympathetic 
chain removed bilaterally from the tenth thoracic to the second lumbar ganglion. As 
much of the distal splanchnic nerves as could be secured through the small diaphrag- 



Fig. I. — Chest X-ray taken before first paracentesis, demonstrating 

right chylothorax. 


mate incisions used at that time were excised. The thoracolumbar nerve chains removed 
measured 12 centimeters in length and the splanchnics 8 centimeters. Renal biopsy 
revealed “no significant abnormality.” 

The patient was discharged much improved, with a satisfactory fall in blood pres- 
re at rest, orthostatic hypotension, and complete relief of headache, 
plain' ^ ^gain admitted to the hospital 6 years later, on April 25th, 1947, com- 
mg 0 increasingly severe headaches of 6 months duration. Her hypertension had 
recur^red during the intervening years. 

' entrietda*'^^^ ^^Pmination demonstrated early retinal sclerosis (Grade II), moderate left 
icu ar hypertrophy and excellent renal function. Her weight was 180 pounds. 
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Sedation and other tests were again favorable and the patient was advised to accept 
extensive bilateral thoracic sympathectomy in two stages. 

Second Operation. — On May 1st, 1947, a long vertical dorsolumbar incision was 
made on the right side, with the resection of two inches of the tenth and eleventh ribs 
near the spine. The posterolateral attachments of the diaphragm were incised down 
through the right crus and a wide exposure of the lower chest and upper retroperitoneal 
area made. Dense adhesions existed between the pleura and the diaphragm from the 
previous operation. There was no evidence of nerve regeneration except for a large 
neuroma of the great splanchnic nerve' at about the level of the tenth rib. The thoracic 
chain and splanchnic nerves were removed to the mid-chest region, a biopsy was taken 
from the kidney, and the diaphragm and operative incisions closed. 

Following operation the patient did so well that she was discharged on the eighth 
day, at her own request, with the understanding that she would return at a later date 
for sympathetic surgery on the left side. On the day of her discharge she walked easily, 


Table II. — Volume of chyle 32,180 cc. in 35 days. Accumulation of chyle began 10 days 
following injury of duct and ceased abruptly follozving ligation. Average protein, concen- 
tration of the chyle was 3% and average concentration of lipids zvas 2.4%. 


RECORD OF CHYLE LOSS 


Days Post- Chyle Loss 

Operative cc. 


10 

2,000 

12 

2,400 

14 

2,600 

17 

1,600 

20 

2,200 

23 


24 

1,800 

27 


29 

2,300 

32 

2,100 

34 

1,200 

36 

1,600 

39 

. . . 1,800 

40 

2 200 

42 

2 100 

44 

1,480 

45 

1,500 

Total 

32,180 


without dyspnea. Her resting blood pressure was 145 millimeters of me'.cury systolic 
and 90 diastolic. Her breath sounds were reported as clear. 

Third Admission. — Two days following discharge and ten days following sympa- 
thectomy the patient was returned to the hospital in a condition of collapse. She was 
cold, clammy and cyanotic. Breathing was rapid and labored. Her pulse was thready 
and elevated. Blood pressure in millimeters of mercury was 100 systolic and 80 diastolic 
and temperature was 98.0 degrees Fahrenheit. Immediate chest roentgenogram (Fig. 1) 
verified the clinical impression of fluid on the right side, and aspiration yielded 2000 cubic 
centimeters of pinkish-white fluid having the appearance and consistency of melted 
strawberry ice cream. Laboratory examination verified our impression that this fluid was 
chyle, not pus. 

Clinical improvement following the first and many subsequent chest taps was 
dramatic. Respiratory and vascular collapse occurred once or twice each 48 hours, and 
before long the patient found herself requesting thoracentesis for relief of her symptoms. 
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The subsequent treatment and study of this patient was very difficult. Because of 
adiposity and thrombosis from her previous intravenous treatments, she had few accessible 
peripheral veins, and we were forced to rely for nutrition upon dietary measures alone 
High caloric, high protein food, reinforced with casec eggnogs, were employed but in 
spite of heroic efforts on the part of the staff and the patient her course was progressively 
downhill. Table II demonstrates that a total of 32,180 cc. of chyle was removed from 
May loth to June 14th with a serious daily loss of fluid, fat and protein. There were 17 
chest taps. In spite of the high carbohydrate high protein diet her blood serum protein 
fell from 7 Gm.% to 4.2 Gni.% (Fig. 2), lymphocytes practically disappeared from her 
circulating blood (Fig. 3), and her weight fell from 182 to 168 pounds. Phrenic neuro- 
tripsy was performed under local anaesthesia on June 3rd, without benefit. 



Course of Serum Protein Concentration. During the phase of chylo- 
Brotpf” of 919 cubic centinieters of chyle containing 28 Gm. (3 Gm_.%) of 

DropTM daily. Under these conditions, the serum protein concentration fell 

and^ nr f influenced by high protein diet or phrenic neurotripsy. Dramatic 

thoraci t ^ protein concentration occurred with ligation of the 


Intravenous amigen, blood plasma and whole blood were finally administered and the 
a lent was reoperated on June 14th, 1947. Eight ounces of heavy cream were given by 
mouth four hours before surgery. 

of th ^^th, 19 ^ 7 .— The chest was entered on the right side after resection 

sear h ™ J^ifteen hundred cubic centimeters of chyle were aspirated. After some 
’1^ which chylous fluid could be seen flowing was discovered leading 

through the crus of the right diaphragm. 

alone h diaphragmatic pleurae were incised and the diaphragm sectioned 

and the^ P^^t^i'olateral attachments. The upper abdominal aorta was gently retracted 
followed exposed with surprising ease. The draining sinus was readily 

discover d where a semicircular rent about one millimeter long was 

^'e on its anterior surface (Fig. 4). It would have been technically feasible to 
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have sutured this opening, or to have occluded tlie rent with fibrin foam soaked in 
thrombin solution, a technic which has subsequently been employed by Smithwick.'’’" We 
decided to run no risks of recurrence of chylothorax. Ligation of the intestinal and 
lumbar branches would not have prevented back flow from the descending thoracic 
trunks or from the main duct, all of wliich were clearly visible. We therefore ligated the 
lower thoracic duct, the bilateral descending thoracic, the bilateral lumbar, and the 
intestinal trunks. Additional security for the closure was provided by suturing a flap of 
mediastinal pleura and a strip of oxyccl over the rent in the cisterna. The diaphragm and 
operative incisions were closed without drainage. Silk technic was used throughout. 

The postoperative course of this patient was essentially uneventful. Small amounts 
of serous fluid were aspirated on two occasions from the anterior lower right chest, bin 
there was no recurrence of her chylothorax (Fig. 5). Mild transitory edema of the 
lower extremities, no more than might have been accounted for on the basis of hypoiiro- 



Fig. 3 . — A Demonstration of the Progressive Reduction of the Number of Lympho- 
cytes. The percentage of lymphocytes fell from 23 to 5 and the absolute number per cubic 
millimeter from 3151 to 675. The lymphocyte count was not influenced by phrenic neuro- 
tripsy, but, after a brief delay, responded to thoracic duct ligation. 


teinemia, was noted during the first postoperative week. There was no clinical evidence 
of ascites at any time, either before or following operation and no enlargement of the 
peripheral lymph glands or the spleen. Figure 6 demonstrates cessation of chylothorax, 
satisfactory and rapid return of serum protein values and lymphocyte percentages to 
normal, and a slight but delayed gain in weight following ligation. 

Studies of the percentage of eosinophiles in the peripheral blood demonstrated a 
fall from 4 per cent at onset of chylothorax to almost complete absence (i per cent or 
none on several occasions). This reduction persisted after a return of the lymphocytes 
to normal levels. 

The patient was discharged from the hospital on July 4th, 1947, twenty days following 
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ligation of the lower thoracic duct and obliteration of the cisterna chyli and its 
afferent trunks. 

At the present time, six months following her last operation, she is in excellent 
health, free of headaches, and without evidence of fluid in her chest or abdomen. There 
is no peripheral edema. Her white blood count is normal ; lymphocytes 22 per cent and 
eosinophiles 3 per cent. She is “dieting’’ and weighs 170 pounds. 



Fig. 4. — Artist’s sketch demonstrating the rela- 
tionships of the sympathetic nervous system in the 
lower right chest with the azygos vein and the thoracic 
duct. The cisterna chyli, with its bilateral lumbar and 
intestinal trunks are shown. The descending thoracic 
trunk on the left side, and the point of laceration in the 
cisterna are likewise demonstrated. 


1. Diaphragm 

2. Thoracic sympathetic 
chain 

3> Splanchnic nerve 
4. Azygos vein 
5- Thoracic duct 

II. Celi; 


6. Cisterna chyli 

7 . Lumbar trunks 

8. Intestinal trunk 

9. Descending thoracic 
trunk 

10. Hemi-azygos vein 
ganglion 
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DISCUSSION 

In view of the present prevailing high mortality of traumatic chylothorax 
and the numerous treatments recommended, the unfortunate surgeon who 
bears responsibility for such a case may be naturally uncertain concerning 
his proper course of action. Assuming that conservative measures fail, what 
is his justification for surgical attack? If the thoracic duct be ligated, by what 
route does chyle and lymph find its way into the general circulation? Is 
ligation physiologically safe and technically feasible? 



• X-ray taken July lo, 1947; three weeks follow- 

ing ligation. 1 he pleura is thickened, but there is no recurrence of 
ch3dothorax. 


It has been abundantly demonstrated, both clinically and experimentally, 
that the integrity of the thoracic duct is not essential to life. Numerous cases 
of occlusions of the duct or of the receptaculum chyli due to carcinoma, tuber- 
culosis, cyst or fibroma, without the development of chylothorax or chylous 
ascites have been reported.-® It is probable that when chylothorax does develop 
under these circumstances, it is due more to erosion and leakage from the 
duct, or to interference with drainage by way of collateral branches than to 
actual obstruction.-® 
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Treatment of injuries of the thoracic duct in the neck has been discussed 
by numerous authors.®* Repair by suture or reimplantation 

into a vein has been advocated by some, but many successful cases of occlusion 
of the injured area by tamponade or ligature have been reported. In 1907 
DeForesO® said that a wounded thoracic duct should be treated exactly as a 
bleeding blood vessel, — by ligature, and Warschauer'^® even suggested the 



Fig. 6. — A Demonstration oj the Effect of Chyle Loss on Body Weight, 
Protein Concentration and the Number of Circulating Lymphocytes, 
i ne effects were not influenced by diet or phrenic neurotripsy. The response 
to thoracic duct ligation was a prompt elevation of the serum protein concen- 
tration, arrest of body weight loss and a gradual return to normal of 
lymphocyte percentage in the peripheral blood. 


a visability of intentional ligation of the duct in all operations in the neck 
where it might be endangered. 

In spite of the relatively high pressure developed within the duct following 
tgation there is extensive, experimental®* ^®* ^®* ^®* and clinical evi- 

encei 2 . is, 40, 54, 70 rupture of the duct or of the cisterna chyli does 
not occur. 

. ns (R. R. B.) has witnessed ligation of the duct on several occa- 

sions where it had been injured in the supraclavicular triangle of the neck 
unng the removal of malignant glandular metastases. In no case has there 
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been any postoperative evidence of chylous accumulations or of metabolic 
disturbances. 

To Lee"*^ goes the credit for the most thorough and convincing elucidation 
of this matter. After a review of the literature he described experiments in 
which he was able to demonstrate absolute intrathoracic ligation of the thoracic 
duct in experimental animals for the first time. None developed chylous 
effusions. The animals were sacrificed at variable intervals and autopsies 
performed. “As a result of these dissections, two general types of collateral 
circulation were established. The one type consisted of a collateral circulation 
to the right thoracic duct; — ^the other type comprised those cases in which 
lymph entered the azygos vein or its branches.” 

Lee described edema about the large l 3 miphatic trunks and cisterna chyli 
following ligation, hypertrophy of the intra-abdominal lymph glands, and 
contraction of the duct above tbe point of ligature. By injection methods he 
demonstrated lymphatico-venous anastomoses between the cisterna chyli and 
the azygos, left intercostal, and left lumbar veins. Retrograde injections 
demonstrated possible channels as far as the hilum of the kidney and the 
subserous coats of the intestine. Lee concluded that non-functioning embr}^- 
onic anastomoses exist between lymphatic and venous systems, and that these 
channels are capable of enlarging and functioning after ligation of the 
thoracic duct. 

That ligation of the thoracic duct does not produce chylothorax has been 
demonstrated by others.®’ Yater”^® concluded that, — “Many cases of obstruc- 
tion of the thoracic duct are not associated with the accumulation of chylous 
fluid because of the normal collaterals which empty into veins.” 

Blalock and co-workers,®’ ®® unable to produce chylothorax by ligation of 
the thoracic duct, found that this condition did develop in approximately 
one-half of their animals in which the superior vena cava had been occluded. 
If the death of these animals was prevented by repeated aspirations of chyle, 
frequently the lymph vessels would enlarge with the passage of time and the 
chyle would be returned to the venous system. They believe that there are 
lymphatico-venous communications in the peritoneal cavity.. 

On the basis of these considerations, when the patient with an injured 
thoracic duct presents a progressive downhill course, and conservative meas- 
ures are failing, surgical ligation of the thoracic duct would appear to be a 
logical procedure. 

Speculation as to how the cisterna chyli was injured in our case is fruit- 
less. It was probably torn during the separation of retroperitoneal adhesions 
which had formed following the operation in 1941. From the clinical findings, 
we expected to find intrathoracic injury of the duct, not subdiaphragmatic 
injury of the cisterna. The recent operative suture line in the diaphragm 
probabty provided a convenient point of perforation into the chest and 
explains the absence of chyloperitoneum. 

It is interesting to speculate on the route by which lymph and chyle are 
finding their way into the blood stream of this patient. In view of the fact 
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that all main afferent channels to the cisterna chyli and lower thoracic duct 
were ligated, it would appear that lymphatico-venous anastomoses within the 
abdomen, rather than collateral lymphatic anastomoses to the proximal 
thoracic duct or to the azygos vein within the chest, must be in operation. 

Whether or not delay of several weeks between injury and ligation of the 
major lymphatic vessels favors the establishment of a more adequate collateral 
circulation, as it does in such vascular conditions as arterio-venous fistulae, 
is unknown. In view of the fact that immediate ligation of the duct following 
recognized injury, either within the neck or the thoracic cavity, is being prac- 
ticed by modern surgeons without the development of chyIothorax,^^> 
it would appear that adequate collateral circulation already exists, and that 
delay in surgical repair for the purpose of establishing collateral circulation is 
unnecessary. 

Study of the anatomy of the thoracic duct demonstrates obvious reasons 
for the clinical fact that right-sided chylothorax occurs more often in low 
injuries of the duct and left-sided chylothorax in high injuries. Persistence 
of embr3^onic ducts resulting in abnormal anatomic variations probably explains 
apparent exceptions to this rule. 

Surgical exposure of the lower thoracic duct through the right chest is not 
a particularly difficult procedure. The approach may be made by incision of 
the mediastinal pleura following thoracotomy, as in this case, — or by the usual 
retropleural approach utilized in resection of the splanchnic nerves for 
hypertension. 

In view of the fact that the lower thoracic duct and cisterna chyli are the 
“focal points’' for the collection of the major portion of the lymph and chyle 
and that fibrosis and occlusion of the duct usually occurs proximal to a point 
of ligation or obstruction, it is our opinion that low thoracic duct ligation 
through the right chest is not only indicated in right chylothorax but that it 
would probably also prove to be effective in the treatment of left chylothorax 
due to high injury of the main duct, where surgical exposure of the point of 
injury is more difficult and hazardous. 

, Ligation of the duct low in the right chest should theoretically markedly 
reduce or entirely prevent leakage of chyle from a more proximal point of 
perforation, and we see no reason why this measure should not be effective 
in the treatment of almost all types of chylothorax, regardless of etiology. 

If bilateral symmetrical ducts or other congenital abnormality be suspected, 
surgical approach should be on the side of the chylothorax, where a sinus will 
e found leading to the point of injury. 

A fat meal administered several hours before operation will stimulate the 
ow of chyle and facilitate discovery of the incontinent duct. This procedure 
was used in our case and chyle continued to flow until the ducts were occluded. 

A study of our findings verifies the observations of others regarding the 
a of lymphocytes and eosinophiles in the peripheral blood. It is our feeling 
la a serious incontinence of the thoracic duct cannot long exist without a 
^apid and progressive fall of these constituents, especially the lymphocytes. 
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The explanation of the^T-eduction of lymphocytes is obvious but of the fall of 
eosinophiles is obscure. 

Perhaps the most significant observations that have been made in our case 
concern the metabolism of protein in chylothorax and will be reported in 
greater detail elsewhere. In general they verify the observations of others 
regarding the difficulty, amounting to hopelessness, of maintaining adequate 
serum protein concentrations by dietary means in the presence of prolonged 
incontinence of the thoracic duct resulting in large serum protein losses. In 
spite of the fact that our patient consumed a minimum of 80 Gm. of protein 
daily, her blood protein progressively fell to dangerous levels. The fall was 
not influenced by phrenic neurotripsy. Following surgical ligation her protein 
level rapidly returned to normal without significant change in the diet. 

Low protein values in chylothorax do not have the same significance as 
equally low values in patients suffering from hepatic failure, cancer, or diseases 
of the digestive tract, where there is a fundamental disturbance in protein 
genesis. Hypoproteinemia in chylothorax does not, per se, contraindicate 
surgery, but rather the reverse. 

We do not imply that an effort should not be made to maintain nitrogen 
balance by high protein intake. Nitrogen balance is desirable, and can be 
maintained at or near normal levels in spite of large protein losses. 

In view of the high mortality rates existing in chylothorax, the inadequacy 
of conservative treatment, and the many theoretical and practical arguments 
in favor of surgical ligation, it is difficult to understand the almost universal 
condemnation of this procedure to be found in the literature. Such a fatalistic 
attitude is probably based on the assumption that surgical ligation is technically 
impracticable when, as a matter of fact, the distal thoracic duct lies within a 
few millimeters of the right splanchnic nerves, removal of which have become 
a more or less common procedure. 

A further objection to surgical ligation is probably based on the fact that 
most patients suffering from this condition rapidly develop low blood protein 
concentrations, reduced protein reserves and emaciation, and appear unable 
to withstand a major surgical procedure. It is our feeling that expectant and 
conservative treatment should be discarded within a reasonable time, before 
emaciation and cachexia supervene, and before the patient’s condition is so 
extreme that major surgery is contraindicated. 


SUMMARY AND CONCLUSIONS 

I. A case of injury of the cisterna chyli during sympathectomy for hyper- 
tension, with cure of the resulting chylothorax by ligation of the thoracic duct, 
the cisterna chyli and all of its main afferent trunks, is described. 

■ 2 . The literature of traumatic chylothorax is reviewed, and the causes, 
symptoms and treatment discussed. 

3 . The anatomy of the thoracic duct, the characteristics of chyle and the 
mechanics of lymph flow are reviewed. 
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4. Previously reported clinical, metabolic and blood cellular changes char- 
acteristic of chylothorax are verified. 

5. Continuity of the thoracic duct and cisterna chyli are not essential to 
life, while incontinence of either is a serious hazard. 

6. Lymphatico-venous anastomoses within the abdomen are adequate for 
the return flow of lymph and chyle following obliteration of the cisterna chyli 
and lower thoracic duct. 

7. A period of delay between injury and operation may encourage collat- 
eral circulation of lymph and chyle, but delay of surgery for this purpose i^ 
not necessary. 

8. The maintenance of normal metabolism, especially protein metabolism, 
by dietary methods is impossible in the presence of persistent severe chylo- 
thorax. 

9. Hypoproteinemia in chylothorax is due to excessive protein loss, and is 
a strong indication for surgical treatment. 

10. Injury of the cisterna chyli may result in chylothorax. 

11. Injury of the thoracic duct and/or the cisterna chyli is a hazard of 
intrathoracic surgery, especially - of sympathetic and esophageal surgery. 

12. The prevention of cHylo^tlibrax following surgical injury of the 

thoracic duct depends upon recognition of the injury and immediate repair 
or ligation. '> 

13. Ligation of the lower thoracic duct should be effective in the treatment 
of most cases of left and all cases of right chylothorax, regardless of etiology. 

14. Surgical approach to the lower thoracic duct and cisterna chyli should 
be through the right thorax. 

15- Ligation of the thoracic duct and/or the cisterna chyli, when indicated, 
IS feasible and may be a life saving procedure. 
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RECTAL STRICTURE OF LYMPHOGRANULOMA VENEREUM* 
Lester Breidenbach and Louis R. Slattery 
New York. N. Y. 

There have been some 130 articles written on lymphogranuloma 
venereum since 1925 dealing with various phases of the subject. The most 
controversial phase of the disease has been the treatment of the end result or 
tertiary stage. Its manifestation of severe intractable stricture involves the 
rectum and rectosigmoid. Occasionally the granulomatous process extends 
into the sigmoid and at times as far as the transverse colon. It may even show 
“skip areas” involving the rectum, skip the sigmoid and involve the descend- 
ing colon. 

Operative treatment has not yet become standardized. The literature 
contains numerous small series of cases and isolated case reports of various 
operative methods. There has actually been no evolution of basic surgical 
principles as yet. Some writers approach this problem from the inflammatory 
basis and tend to more conservative procedures, while others apply cancer 
principles and favor more radical operations. Where a systemic infection 
IS present it is doubtful whether tlie latter principles can be considered 
applicable. Most authors agree on the value of colostomy preliminary to 
resection. However, its value in the elimination of the secondary infection 
and whether or not it paves the way for more conservative procedures has 
not been determined. 

Hartmann® has had the most extensive surgical experience with this 
disease. At first he practiced external rectotomy , operating on 1 5 cases without 
a mortality. However, these cases continued to suppurate and many were 
incontinent. Following this he adopted a transanal excision of the stricture 
in three cases' but gave up the procedure as results were unsatisfactory, due, 
he states, to leaving in the mucous membrane of the anal canal. Following 
this he began to use perineal excision, and later intra-sphincteric resectroh, 
eventually finding the latter the more satisfact€>rY procedure. One death 
occurred among nine patients subjccfeif to perineal excision and two deaths 
occurred in a series of 47 intrasphincteric resections. Abdomino-perineal 
msection was reserved by Hartmann for extensive cases only, and in six 
such cases there were three deaths. 

DeRoche® reported 21 cases of excision of the stricture with one death. 
However, his results were poor, there being only three satisfactory results 
among eight patients followed for one year. 

^933 Dimitriu and Stoia® reported 25 cases of abdomino-endoanal 
oxcision with preservation of the sphincter mechanism. Their method \yas an 
'' ^tation of a sphincter saving method of resection reported by Villard and 
Submitted for publication January, 1948. 
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Ricard^'* for the management of carcinoma of the rectum. The technic com- 
prised a freeing of the sigmoid and rectum by laparotomy. The anus was then 
closed and a perineal incision made encircling the anus. Through this incision 



Fig. I. — DefuVsctioning colostomy. 


the sphincters were dilated and the rectum freed further until it could be 
pulled through the sphincters. The rectum was then amputated and the 
sigmoid pulled through the dilated sphincters and sutured to the skin. These 
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authors considered 19 cases cured by this method with three deaths and three 
recurrences. Colp‘* reported two cases in 1941 managed by this method. 

In 1933 Keller® reported his experiences with tunnel skin grafts in the 
management of rectal strictures. Hair free grafts varying from one half to 
full thickness were sutured together to form a tunnel with the raw surface 
outward. A trocar and cannula were then passed through the stricture from 
the perianal region, and the cannula removed. A “U’’ shaped carrier passed 
through the anus, was inserted retrogradely through the cannula and used to 
pull up the graft. The trocar was removed and three more tunnel grafts 
inserted in a similar manner at equidistant points. Postoperatively these grafts 
were held in place by a Hagner or l^ilcher bag. Two weeks postoperatively the 
tunnels were divided. For strictures of the anal canal the grafts were held in 
place by a mold of dental compound. Eight cases were reported with seven 
satisfactory results. 

Lockhart-Mummery^® favors excision of the stricture in the early cases 
with the Whitehead oj^eration. For late cases perineal excision is advocated 
with due admonition concerning the technical difficulties. 

David and Loring'^ reporting cases in 1936 recommend permanent colos- 
tomy, but state that cure is never obtained by this method. In 1937 Spiesman, 
Levy and Brotman^'* reported a study of 183 strictures from the Cook County 
Hospital. Only two of these patients came to operation, a permanent colostomy 
and posterior excision having been performed. 

Edwards and Kindell" in 1938 reported six cases treated by the two stage 
Lockhart-Mummery method with one death, and mention four additional 
cases without a fatality. They emphasize the importance of laparotomy to 
determine the upward extent of the process. The second stage was performed 
from a few weeks to several months after colostomy, to allow patients to 
obtain maximum improvement in general condition. 

Morris^^ reported one case in 1939 treated by abdomino-perineal resection 
of the strictured area. This patient had had a previous colostomy and when 
first seen the granulomatous process had involved the stoma. This necessitated 
preliminary resection of the colostomy stoma three months prior to abdomino- 
perineal resection. 

In 193C) Wartheffi'" reported a method of management in which the 
cul'de-sac was obliterated by the Moschowitz technic, and a left inguinal 
colostomy performed. The basis of this was the elimination of the hazards 
of dilatation by obliteration of the cul-de-sac, and putting the bowel at rest 
A diverting the fecal stream. Ten cases were reported with amelioration of 
t ie stricture but none of the cases had been completed. 

Patterson^^ reported five cases in 1940 treated by permanent colostomy, 
and a second stage stripping out of mucous membrane from the lower sigmoid 
an rectum. At the time the colostomy was performed; all acute abscesses and 
stulae about the anus were opened. The second stage was carried out sev- 
ra weeks after the colostomy. 

aeon in 1941 agreed that radical extirpation is the procedure of choice. 
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Table I^t 


No. Name Age Sex Color Involvement Operations 


Date Result 


,. B.A. 

33 

F 

C 

Stricture 2 cm. 1. Colostomy. 

9/24/41 





above anus. 2. Resection of stricture, end to end 

3/18/42 






anastomosis of rectum. 

3. Closure of colostomy. 

10/27/43 

Good 

2. C.B. 

42 

F 

C 

Stricture 4 cm. 1. Colostomy. 

7/15/42 






above anus. 2. Abdomino-perineal resection rectum 

6/23/43 






end to end anastomosis of sigmoid 
to anal canal. 







3. Closure of colostomy. 

11/7/43 

Good 

3. L.C. 

31 

F 

C 

Stricture 5 cm. 1. Colostomy. 

12/16/41 






above anus. 2. Resection of stricture, end to end 

10/24/42 






anastomosis of rectum. 

3. Closure of colostomy. 

3/31/43 

Good 

4. L.S. 

50 

F 

c 

Stricture 3 cm. 1. Colostomy. 

12/4/41 

Good 





above anus. 2. Perineal resection unsuccessful. 

11/4/42 

Died 1 year 





3. Abdomino-perineal resection, end 


later. Ca. 





to end anastomosis of sigmoid to 
anal canal. 


stomach. 





4. Closure of colostomy. 

3/9/43 

4/26/44 

5. F.G. 

25 

F 

\v 

Stricture 4 cm. 1. Colostomy. 

7/17/44 






above anus. 2. Resection of stricture, end to end 

6/15/45 






anastomosis of rectum. 

3. Closure of colostomy. 

4/30/47 

Good 

6. M.S. 

34 

F 

c 

Stricture 3 cm. 1. Colostomy. 

6/14/44 






above anus, mul- 2. Resection of stricture, end to end 

1/3/45 

Recurrence 





tiple fistulae with anastomosis of rectum. 

slough of perineal 3. Abdomino-perineal resection of rec- 

1/29/47 






body, and anus turn, end to end anastomosis of 

opening 1 cm. sigmoid to anal canal, 

from vagina. 4. Closure of colostomy. 

7/30/47 

Good 

7. L.S. 

26 

F 

c 

Stricture 2.5 cm. 1. Colostomy. 

3/31/42 






above anUs. 2. Resection of stricture, end to end 

3/31/43 






anastomosis of rectum. 

3. Closure of colostomy. 

9/15/43 

Good 

8. A.W. 

48 

F 

c 

Stricture 2.5 cm. 1. Resection of stricture, end to end 
above anus. anastomosis of rectum. 

5/22/46 






Colostomy per- 2. Closure of colostomy. 

6/26/46 

Obstruction 





formed elsewhere. 3. Cecostomy. 

7/1/46 






4. Plastic revision of colostomy clo- 

11/13/46 






sure. 







5. Closure of cecostomy. 

1/15/47 

Good 

9. C.B. 

28 F 

c 

Stricture 4 cm. 1. Colostomy. 

5/29/46 






above anus. 2. Resection of stricture, end to end 

10/30/46 






anastomosis of rectum. 

3. Closure of colostomy. 

4/15/47 

Good 


* Follow-up on these patients to July 1948. 

t 16 of these cases are from the Fourth Surgical Division, Bellevue Hospital — Dr. A. S. McQuillan. Director. 
1 case from Post-Graduate Hospital — Dr. J. W. Hinton, Director. 

1 case from Beth David Hospital — Dr. F. W. Bancroft, Director. 
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Table I. (Continued) 

No. Name Age Se.x Color Involvement Operations Date Result 

10. I.G. 43 F C Stricture 2 cm. 1. Colostomy. ' S/22/46 

above anus in- 2. Perineo-abdominal resection of rec- 3/13/47 
volving distal 2/3 turn and distal 2/3 of sigmoid, 
of sigmoid. 3. Descending colon and transverse S/16/47 

colon rotated to L.L.Q. 

4. End to end anastomosis of sigmoid 2/24/48 Good 
to anal canal. 

11. R.M. 34 F C Stricture 3 cm. 1. Resection of stricture, end to end 1/17/47 Good 

above anus. anastomosis of rectum. 


12. A.E. 42 M W Stricture 2 cm. I. Colostomy. 11/27/46 

anus extending to 2. Perineo-abdominal resection of rec- 1/22/47 

splenic flexure. turn, sigmoid, and descending colon, 

with mobilization and rotation of 
transverse colon. 

3. Anastomosis of transverse colon to 1/24/47 

. anal canal. 

4. Closure of colostomy. 6/2S/47 Fair 

13. C.W. 32 F C Stricture 2.5 cm. 1. Colostomy. 1/14/47 

above anus in- 2. Exploration for subphrenic abscess. 1/22/47 

volving entire rec- 3. Resection of descending colon. 3/19/47 


turn, with skip 4. Resection of stricture, end to end 4/16/47 
area involving de- anastomosis of sigmoid to anal 

spending colon u p canal. 

to splenic flexure, 5. Closure of transverse colostomy by 9/12/47 Good 
where acute per- anastomosis of its stoma to the sig- 
foration was pres- moid. 

ent. 

14. M.M. 31 F W Stricture 3 cm. 1. Colostomy. 7/1/47 

above anus. 2. Resection stricture, end to end an- 7/16/47 

astomosis of rectum. 

3. Closure of colostomy. 8/27/47 Good 

15. P.P. 25 F W Stricture 2 cm. 1. Colostomy. 5/7/47 

above anus ex- 2. Attempted perineal resection of 8/20/47 

tending to sig- rectum. 

moid. 3. Abdomino-perineal resection of rec- 9/24/47 

turn, end to end anastomosis of sig- 
moid to anal canal. 

4. Closure of colostomy. lI/S/47 Undetermin- 

ed. Schis- 
tosomiasis 
in specimen 

16. J.H. 38 M W Stricture 4 cm. 1. Colostomy. 8/16/46 

above anus. 2. Resection of stricture, end to end 9/22/47 

anastomosis of rectum. 

3. Closure of colostomy. 11/4/47 Good 

17. H.G. 23 F C Stricture 2 cm. 1. Perineal resection of stricture, end 10/22/47 Good 

above anus. to end anastomosis of rectum. 

18. R.A. 48 h C Stricture 3 cm. 1. Colostomy. 10/16/47 

above anus, ex- 2. Resection sigmoid-colostomy and 10/30/47 
tending to perito- end to end anastomosis of sigmoid, 
neal reflection. Resection of stricture, end to end 
Sigmoid-colos- anastomosis of rectum. 

tomy performed 3. Closure of colostomy. 1/29/48 Good 

elsewhere 10 years 
previously. 
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He stated however, that procedures involving division of the peritoneal floor 
will give a mortality of 65 to 80 per cent. He preferred management by the 
two stage Lockhart-Mummery procedure. After the performance of celiotomy 
and abdominal colostomy, the bowel was irrigated and the patient’s general 
condition allowed to improve. The perineal resection was then performed. 
In 24 cases so treated, there were no fatalities. 

Barber and Murphy- reported 35 resections in 1941. Four of these were 
sacroperineal resections and 31 were treated by abdominal colostomy, followed 
by sacroperineal resection. The hospital mortality in this series was 14.3 
per cent. Their early efforts attempted sacroperineal excision with a perma- 
nent sacral anus, but inability to estimate sigmoidal involvement made 
preliminary celiotomy and abdominal colostomy necessary prior to sacro- 
perineal resection. Exploration and colostomy were performed 10 days prior 
to resection. They objected to anastomosis of the rectum on the basis that 
the narrowing at the anastomosis site is as troublesome as the original 
stricture. This has not been our experience. 

Woods and HanloiF*’ analyzed 192 cases from the Cincinnati General 
Hospital in 1942 and corroborated the inefficacy of colostomy alone. Abdom- 
inO'perineal resection was done on 23 cases, and a perineal resection on 
nine cases without a fatality. Their experience led them to favor abdomino- 
perineal resection as the operation of choice. 

In 1946 WrigliF"^ et al reported 26 cases operated upon by Pauchets’ 
technic. This was a sphincter saving technic resembling that of Villard and 
Ricard. Colostomy was done prior to resection. Three deaths occurred in 
this series. Follow-up of 12 cases showed cure in all except one who had 
draining sinuses secondary to bone involvement. 

Since previous papers have extensively described all the phases of this 
disease, its etiology, the primary and secondary stages, etc., we will not repeat 
but instead confine our discussion to the end resulting granuloma affecting 
the lower colon, rectosigmoid and rectum. This phase has a controversial 
aspect since there are so many methods of treatment suggested. The attempt 
should be made to eradicate the granuloma and restore the patient to normal 
function since we are dealing with a young age group. 

The age group ranges from 20 to 40 and the colored female is most often 
affected. We have had a few cases in the white female and a few in the male 
both colored and white. All of the strictures seen in our clinic have been 
caused by lymphogranuloma venereum. The only other cases of stricture have 
had as the etiolog}' previous anal or rectal operative procedures resulting in 
stricture. The stricture of lymphogranuloma venereum begins within 3 to 5 cm. 
of the anorectal or mucocutaneous line and goes proximalty for variable 
distances. 

The virus enters the perianal -and perirectal tissue by the lymphatic route 
from the primarj'- lesion in the vagina and from the inguinal lymph nodes. The 
perirectal and intramural lymphatics become involved and this in turn causes 
the inflammatory process to involve the mucosa, submucosa and muscularis 
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forming a firm, hard tube which by maturation of the fibroblasts causes severe 
contracture and stricture formation. The mucosa loses all its identity. The 
area is thickened and as hard as cancer tissue. The stricture tube is completely 
fixed by fibrous tissue to all the surrounding structures. Above the stricture 



Fig. 2. — A. Position of patient and incision. B.^ Exposure of levator am 
muscles. C. Division of levators. D. Incision of fascia propia. 


ulceration from secondary infection occurs causing intractable diarihea. Tis 
tulae form to the perianal areas and ischiorectal fossae. At times fistulae into 
the vagina with slough and erosion of the perineal body result in cloaca 
formation between the vagina and rectum. There are often hypertrophy an 
fibrosis of the perianal tissue and fistulae about the skin which result from 
long drawn out chronic inflammation. 
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Histologically the mucous membrane is replaced by granulation and fibrous 
tissue. The mass has a chronic inflammatory exudate in which the predomi- 
nating cells are lymphocytes, plasma cells and foreign body giant cells. Poly- 
niorphonuclears are present due to added acute and subacute inflammation. 
There are no areas with tubercle formation although at one time before 1925 
many of these lesions were diagnosed as tuberculosis or syphilis. This phase 
of the disease then is a chronic granuloma similar to other granulomata of 
the intestinal tract. The scarring and stricturing are irreversible processes and 
will not respond to any form of medical or conservative surgical treatment. 
One case P. P. No. 15 showed the usual pathologic changes plus eosinophilic 
abscesses suspicious of schistosomiasis. 

The symptoms depend on the extent and degree of stricture, and on the 
amount of secondary infection present. The typical patient is a poorly nour- 
ished exhausted colored female. The abdomen shows varying degrees of 
distention depending on the tightness of the stricture. The chronic obstruction 
is manifested by distention, cranipy pains and intractable diarrhea. The blood 
count shows secondary anemia and usuall}'^ slight leucoc3Tosis due to secondary 
infection. The plasma proteins are low and the albumin globulin ratio may be 
reversed. The Frei test is always positive. There is a high percentage of these 
patients with positive serology for syphilis as a complicating factor. 

The stricture begins 3 to 5 cm. above the mucocutaneous line and runs 
proximally, usually ending at the rectosigmoid or low sigmoid area. Two of 
our cases extended to the transverse colon. One case extended to the sigmoid, 
then skipped an area in the descending colon for about six inches and con- 
tinued on from there to the transverse colon. 

The stricture results in two conditions which predicate the method of 
therapy selected. Functionally the lesions cause chronic obstruction, or occa- 
sionally acute obstruction. Secondly pyogenic infection accompanies the local 
lesion and contributes to the poor general condition of the patient. It is to 
these conditions that the surgeon must devote his efforts. 

The first principle is the eradication of the secondary infection, and 
restoration of the patient to normal physiology. To accomplish this a com- 
pletely defunctioning colostomy is done. It is performed 5 to 7 days after 
admission. In two cases. No, ii and No. 17, where secondary bacterial 
invasion was not severe and no fistulae existed it was possible to do a complete 
resection and anastomosis in the perineum without the benefit of colostomy. 
This however, is unusual. 

The change that occurs is almost unbelievable — the fistulae heal, the 
secondary infection clears up completely and the patients eat well, resulting 
in restoration of serum protein levels to normal, the return of normal albumin- 
globulin ratio and marked gain in weight with improvement in secondary 
anemia. 

The second principle is the removal of the local focus. Cancer surgery 
requires radical excision but since this is only a granuloma based on virus 
infection its focus can be conservatively eliminated by excision of the involved 
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rectum or colon. A complete block dissection is not necessary. The sphincter 
is retained and the bowel continuity is reestablished. Lastly, the colostomy is 
closed and the patient is then completely rehabilitated with a normal function- 
ing intestinal tract. 



Fig. 3. — E. Mobilization of rectum and separation from vagina anteriorly. 
F. After resection of strictured area. G. Method of anastomosis. H. Closure 
of wound. 


After complete healing the site of anastomosis just proximal to the 
sphincter shows a thin, slightly constricted area through which the finger can 
easily be pushed. It does not interfere with function and since all infection has 
been cleared away, this area does not change after healing has taken place, 
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TECHNIC 

The defunctioning colostomy is performed through a transverse incision 
midway between the umbilicus and the costal margin, extending from the 
midline to the lateral border of the right rectus muscle. All structures are 
divided transversely. The transverse colon is lifted out and cleared of omentum 
and appendices epiploica for a distance of three inches. The mesocolon is 
opened between the bowel and the marginal artery obtaining a defect 2.5 cm. in 
diameter. The bowel is divided between Kocher clamps with a carbolic knife. 
The abdominal wall is closed in layers between the divided bowel ends. The 
bowel is secured by suturing appendices epiploica to peritoneum, muscle, and 
fascia. For further security one suture is placed through the parietal peri- 
toneum grasping an avascular spot in the transverse mesocolon so that no 
internal hiatus is left between the loops. A dressing is applied about the 
Kocher clamps to hold the two loops 4 cm. above the skin level. The proximal 
clamp is removed within 36 to 48 hours. 

The second stage is performed one to six months later depending upon 
the elimination of secondary infection and the condition of the patient. The 
patient is placed in the prone position with the hips flexed and the buttocks 
held apart by adhesive. An inverted “Y” incision is made beginning over the 
lower end of the sacrum extending to either side of the anus to the level of a 
line bisecting the anus transversely. This is deepened through the skin and 
subcutaneous tissue to divide the levator ahi muscles posteriorly, thus forming 
a flap which may be reflected anteriorly when the fascia propria of the pelvis 
or presacral fascia is incised. The rectum and rectosigmoid are then mobilized 
from the anterior stinrctures (vagina, or prostate and seminal vesicles) from 
the promontory of the sacrum to the internal anal sphincter. The rectum is 
divided transversely above the stricture and just above the internal sphincter. 
The proximal end of the rectum is anastomosed to the anal canal using one 
posterior layer of interrupted medium cotton sutures and two anteidor layers 
of the same material. The anterior layers consist of an inner layer of inter- 
rupted Connell sutures and an outer layer of Halsted sutures. The flap is 
replaced and the wound is repaired with interrupted cotton sutures without 
drainage. ^ 

The third stage is closure of the colostomy and is performed four to six 
weeks after resection when the anastomosis and posterior wound are well 
healed. Preoperative preparation consists of five days on a low residue diet 
and 3 Gm. of succinyl sulfathiazole every four hours. The transverse incision 
is reopened and the bowel ends dissected free. The peritoneal cavit}^ is entered 
and the adhesions about both loops separated. Sufficient bowel is then excised 
from each loop to allow accurate approximation and a two la3rer end to end 
anastomosis with interrupted medium cotton sutures is performed. The 
mesenteric defect is sutured and the wound closed in layers. 

DISCUSSION 

The technic described is adequate for most cases but in those where the 
lesion has extended more proximal^ in the colon or in the case of skip areas 
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was reopened and the transverse colon anastomosed to the anal canal. The latter was 
accomplished with more tension than had been anticipated and during healing there was 
separation of the anastomosis on its posterior aspect. However, despite a tubular narrow- 
ing at the anastomosis site due to this, colostomy closure was accomplished without 
incident. He now has normal bowel movements with continence of gas and feces. 

Case 13. — C. W., female, age 32, colored, admitted January 14, 1947, complaining 
of abdominal pain, diarrhea, and distention of the abdomen for 24 hours. For the preceding 
four years she had noticed ribbon stools, constipation and rectal discharge. Examination 
showed a cachectic female in acute shock. The abdomen was distended, board-like and 
tender all over. On rectal examination there was a tubular stricture beginning just 
above the internal sphincter. There was a leucocytosis of 21,000 with 92 per cent poly- 
morphonuclear neutrophiles. Upright abdominal films showed free air beneath the 
diaphragm and large bowel distention with fluid levels. Upon exploration there was 
free cloudy fluid coming from the left upper quadrant where a perforation was present 
just proximal to the splenic flexure. The large bowel was distended up to that point and 
collapsed distally. A transverse colostomy was performed. Convalescence was stormy 
and the right subphrenic space was explored for an abscess without positive findings. 
When her condition had improved, barium enema showed an ulcerative process involving 
the rectum, part of the sigmoid and the descending colon, one portion of the sigmoid 
being uninvolved by the process. Through a left transverse incision the splenic flexure, 
descending colon, and involved sigmoid were resected, planting the proximal end of the 
normal sigmoid in the lateral angle of the wound. One month later the rectum was 
resected and the normal sigmoid anastomosed to the anal canal. Gastro-intestinal con- 
tinuity Avas reestablished by anastomosing the colostomy stoma to the proximal end of 
the sigmoid. 

The anastomosis in the perineum is not difficult. The area is well exposed 
so that it may be done accurately. There have been no fistulae resulting from 
this anastomosis. The closure of the perineum usually results in primary 
union and drainage has not been necessary. Continence is established after 
this type of procedure. 

All of these patients with completed operation have been restored to normal 
health. The intestinal tract is intact, there is complete sphincter control and 
fistulae are solidly healed. There is no protruding mucous membrane to cause 
constant moisture. The results have justified the extensive procedures. 

The morbidity fortunately has been insignificant even in those cases rvhere 
extensive colonic resection had to be done in stages in order to shift segments 
of the colon nearer to the pelvis for an anastomosis to the anus. In one case 
cited where the transverse colon w^as brought dowm and anastomosed to the 
anus, the posterior portion of the suture line pulled apart slightly and filled in 
Avith fibrous tissue but a good continuity of mucous membrane was established. 

We are convinced that a complete resection of the diseased area results in 
cure. In Case No. 6 the point is illustrated. She was resected perineally and 
after healing a new tubular stricture promptly formed completely closing the 
boAvel. At the second operation the resection Avas carried higher removing 
the entire rectum and pulling the sigmoid through the anus. Since the entire 
diseased segment has been excised there has been no recurrence. 

There have been no fatalities in the i8 patients subjected to resection. Two 
of these patients are arvaiting closure of the transverse colostomy. 
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SUMMARY 

1. The rectal stricture of lymphogranuloma venereum is a common disease 
in a large city hospital especially among the negro race, 

2. The surgical principles of management of chronic granulomata are 
applicable namely, physiologic rest of the part, extirpation of the diseased 
segment, and restoration of intestinal continuity, 

3. A completely defunctioning type of colostom)’- is the first phase of 
treatment, 

4. Perineal excision and primal*)^ anastomosis has proven an efficient 
method of extirpating the granuloma, 

5. Extensive excision of the granuloma may be necessary, even as far as 
the transverse colon with anastomosis of this segment to the anus, 

6. This method has been used in i8 cases with low morbidity and no 
mortality, 

7. Arrest of the process and sphincter control have been achieved in all 
cases. 
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The purpose of this article is to report the eitects of tetraethyl ammo- 
nium chloride on the surface temperatures of extremities. It shows that these 
effects are unsuitable as diagnostic criteria in peripheral vascular disease. 
The experiments which led to this conclusion were carried out as follows : 

For the satisfactory clinical estimation of vasoconstrictor tone in extrem- 
ities, one must have a method upon w'hich he may rely to give a true, complete 
and dependable vasoconstrictor paralysis. The test should be, if possible, 
ambulatory and able to be completed at one sitting. The reports of Berry, 
Campbell, Lyons, Moe and Sutler, gave hope that injections of tetraethyl 
ammonium chloride, by producing “autonomic blockade,'’ would replace pre- 
vious methods of estimating the vasoconstrictor element in peripheral vascular 
disease. If the drug were efficacious, it would furnish the desired data simul- 
taneously on all four extremities, eliminating the discomfort attending blocking 
peripheral nerves, or the danger and discomfort of subarachnoid block. The 
present study was made for the purpose of comparing the surface temperature 
effects of the drug with that produced by peripheral nerve block. The latter 
method has been proven accurate and dependable over a long period and in 
many hands, and in the personal experience of the author with over 400 
vasomotor studies. 

A group of patients suffering from various types of peripheral vascular 
and central nervous system disorders were used as subjects. Food, drink and 
tobacco rvere ordered eliminated on the morning of the test. Each patient was 
placed recumbent for one hour or more in a specially constructed constant 
temperature room, with the lo\ver extremities exposed from the upper thighs 
to the toes, and the upper extremities from the upper arm to the fingers. The 
temperature of the room did not vary significantly throughout the individual 
experiment, but the room temperature varied with the different subjects from 
16.7° C. to 20° C. The surface temperatures of all four extremities were then 
measured at certain definite areas with the Tycos Dermatherm. A 10 per cent 
aqueous solution of tetraethyl ammonium chloride (100 mg. per cc.) was then 
injected intravenously over a period of from one to seven minutes. Two 
hundred mg. of the drug were used cautiously in the first case, but in the 
remainder, the drug was administered until the pulse volume showed a marked 


* Submitted for publication Januarj', 1948. 
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decrease, or until 500 mg. had been given. In some, its administration had to 
be slowed or temporarily discontinued while the weakened pulse volume 
returned to normal. The doses of tetraethyl ammonium given are as shown 
in Chart I. All but one patient received 300 mg. or more. In Cases 3 and 4, 


ComparaliveEffects ofTEAC and Peripheral Nerve Block 
on Surface Temperatures 


F.M.Age68M. 


Arteriosclerosis 

Hypertension 


Digit 1 
2 

3 

4 

5 

Palm 

Dorsum 

Wrist 

Midforeorm 

BBlowElbow 

AboveElbowl 


Digit 1 
2 

3 

4 

5 

Sole 
Heel 
Ankle 
Midleg 
Below Knee 
AboveKnee 


After 13^' Exposure 

Max. After TE AC 

Mox.After Block 

R 

L 

R 

L 

R 

L 

20.9 

2 0.4 

21.0 

21.0 

30.4 

30.7 

20.0 

2 0.4 

21.0 

205 

30.4 

30.8 

1 9. 9 

2 0.0 

21.0 

20.7 

30.7 

30.9 

1 9 9 

1 9.9 

21.0 

20.9 



20.1 

20.3 

20.9 

20.8 



22.5 

23.0 

23.1 

22.7 



23.0 

22.8 

225 

22.0 



24.9 

2 4.6 

24.0 

232 



2 6.9 

26.9 

25.5 

25.6 



2 7.9 

27.8 

27.7 

26.7 




27.4 


26.5 









Lower Extremities 

After 135" 

Exposure 

Imox. After TEAC 

iMox.After Block 

R 

L 

R 

L 

R 

L 

21.7 

2 1.8 

25.3 

25.3 

30.4 

30.8 

21.1 

2 1.3 

24.8 

25.3 

30.3 

29.2 

20.8 

21.2 

25.3 

24.5 

30.2 

29.8 

212 

21.2 

23.3 

25.1^ 

30.2 

3 0.7 

2 1.2 

21.7 

2 1.8 

238 

29.8 

2 9.8 

24.2 

2 3.8 

23.5 

23.6 



23.2 

23.3 

22.5 

22.5 



26.8 

26.2 

25.8 

2 34 



27.4 

27.3 

26.5 

2 63 



25.8 

25.3 

24.8 

23.8 



27.9 

26.8 

2 6.8 

2 6.8 




Fig. 1. — F. M. Peripheral arteriosclerosis. Surface temperature after exposure, 
maximum surface temperature after tetraetlwl ammonium and after nerve block. Rote 
that in the upper extremities after tetraethjd' ammonium there were no_ significant rises 
but after median nerve block all of the areas reached normal vasodilatation level. In the 
lower extremities after tetraethjd ammonium there were slight to moderate rises, whereas, 
block^ produced high sub-maximal temperatures. For further details of history and 
examination, see text. 
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the original dose oi 300 mg. was supplemented by an additional dose of 200 
mg. ; in Case 6, 300 mg. were given as a second dose following an initial dose 
of 200 mg. These secondary doses had no apparent effect. When the admin- 
istration of the drug was completed, the surface temperatures of all four 
extremities were measured at the selected sites at intervals of approximately 
five to ten minutes, in some for 30 minutes, in others until each individual site 
reached its maximum temperature. Without changing the position of the 
patient or the temperature of the room, vasoconstrictor paralysis was then 
produced at the same sitting in many extremities by procaine nerve block. 
Surface temperatures of the blocked zones were then measured at lo-minute 
intervals until each site reached its maximum temperature. 


Comporolive Effecis of TEAC ond Peripheral Nerve Block 



Fig. 2. Same experiment as Fig. i. The graph shows the results of the 
experiment in a single digit of the upper and lower extremities. After 
tetraethyl ammonium, the finger showed no significant change. The toe had 
an initial fall followed by a rise of 25.3° C. After nerve block, both finger 
and toe reached the normal level. 


Of the total of 18 patients tested, nine were selected to be the subject of 
this report. The remainder are all cases of degenerative arterial disease and 
will become the material for an additional publication. The surface temper- 
ature effect of tetraethyl ammonium tvas measured in all 36 extremities in 
these nine patients; in 21 of these 36 extremities the effect was compared 
with that produced by novocaine block of the median or posterior tibial nerve ; 
in one extremity, with block of the lumbar sympathetic chain. In one case the 
effect of tetraethyl ammonium was noted in the sympathectomized lower 
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extremities. It .should be noted that in Cases i, 4, 5 and 6 , there was no 
evidence of arterial disease and normal responses to complete vasocPnstrictor 
paralysis were to be expected. A similar result was also looked for in the 
upper extremities of all the cases except Case 2, since with this exception they 
showed no clinical evidence of arterial disease. 

The maximum surface temperatures of the digits after the administration 


Comparative Effects ofTEAC and Peripheral Nerve Block 
on Surface Temperatures 

R.B. Age 52 M. Thromboangiitis Obliterans 


Digit 1 
2 

3 

4 

5 

Palm 


Digit 1 
2 

3 

4 

5 

Sole 

Heel 


UpperExtremities 


AfierSO" 

Exposure 

Max. After TE AC 

Max. After Block 

R 

L 

R 

L 

R 

L 

24.2 

24.5 

29.6 

29.4 

30.9 

30.5 

24.2 

23.3 

30.3 

28.7 

3 1.0 

30.1 

22.6 


29.0 

29.4 

31.0 

3 1.8 

22.9 

2 2.0 

28.5 

2 7.8 

30.3 

31.8 

22.3 

22.1 

28.6 

28.7 



27.4 

27.8 

30.1 

29.9 




Lower Extremities 


After 90“Exposure 

Mox.AfterT E AC 

Max.After Block 

R 

L 

R 

L 

R 

L 

21.0 

19.9 

23.1 

22.5 

31.5 

30.7 

20.6 

20.5 

2 2.8 

23.0 

31.9 

3 0.4 

21 .5 

20.3 

23.4 

22.5 

31.5 

2 9.3 

21.3 

20.0 

23.8 

22.3 

32.0 

32.0 

21 .9 

2 0.4 

24.1 

23.7 

32.1 

31.0 

23.1 

22.6 

24.3 

23.7 

313 

3'l.0 

22.4 

2 2.0 

23.3 

24.9 

31.6 

31.0 


Fig. 3. — R. B. Thromboangiitis obliterans. Surface temperature after 
exposure and maximum temperature after tetraethyl ammonium chloride and 
after nerve block. In the upper extremity after tetraethyl ammonium there 
was a good rise of temperature but not to the normal level ; after nerve block 
there was a normal level. In the lower extremity after tetraethyl ammonium 
there was only a slight rise, whereas, after block there were normal levels in 
all but the left 3d toe which reached 29.3° C. For further details of history 
and examination, see text. 


of tetraethyl ammonium, the maxima reached after peripheral nerve block, the 
clinical diagnosis and other pertinent case details are shown in Chart I. Tlie 
range of surface temperatures in each experiment is here indicated by noting 
the lowest and highest maximum readings among the five digits. The thermo- 
couple readings were corrected by adding or subtracting 0.3° C. for each 
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degree centigrade that the room temperature was respectively below or 
above 20° C. 


CASE REPORTS 

The following two cases show typical results of the experiment; 

Case 1. — ^F. M. (Case 8 — Table I) Male diabetic. Age 68. Degenerative arterial 
disease. 


Table I 





Surface Temp. 
After Expos. 

Max. Surface Temp. 




Min- Mg. Ex- 
utes TEAc. trem- 
Expos. I.V. ity 

After THAC. After Block 

Case 

No. 

In- 
itial Age Sex 

Diagnosis 

Low- High- 
est est 

Low- High- Low- High- 
est est est est 


1 

J.S. 

23 

M 

Spastic quadriplegia. 

65 

400 





No evidence of arte- 

65 






rial disease 

65 







65 


2 

R.B. 

S2 

M 

1 

Thromboangiitis ob- 

SO 

500 





literans 

SO 







90 







90 


3 

M.L. 

29 

M 

Thromboangiitis ob- 

120 

300 





literans 

120 

+ 






120 

200 






120 


4 

G.B. 

42 

F 

Thrombophlebitis. 

35 

300 





Hypertension, No 

35 

+ 





evidence of arterial 

35 

200 





disease 

35 


S 

M.C. 

47 

F 

Thrombophlebitis. 

63 

350 





No evidence of arte- 

63 






rial disease 

63 







63 


6 

E.M. 

49 

F 

Thrombophlebitic 

120 

200 





edema. No evidence 

120 

-f- 





of arterial disease 

120 

300 






120 


7 

J.R. 

61 

M 

Degenerative arterial 

45 

400 





disease 

45 







60 






Sy mpathectomized . 








60 


8 

F.M. 

68 

M 

Degenerative arterial 

135 

500 





disease 

135 







135 







135 


9 

G.A. 

62 

M 

Degenerative arterial 

40 

300 





disease 

40 







SO 







so 



RU 

21,8 

23.2 

27.8 

28.9 

30.0 

31.4 

LU 

21,7 

23.3 

24.0 

26.5 

31.5 

32.5 

RL 

18,2 

18.7 

19.4 

20.3 

31.2 

31.4 

LL 

18.8 

19.6 

19.3 

20.2 

30.8 

31.4 

RU 

22.3 

24.2 

28. S 

30.3 

30.3 

31.0 

LU 

22.0 

24.5 

27.8 

29.4 

30.1 

31.8 

RL 

20.6 

21.9 

22.8 

24.1 

31.5 

32.1 

LL 

19.9 

20.5 

22.3 

23.7 

29.3 

32.0 

RU 

20.6 

21.1 

21.5 

22.0 

30.5 

31.8 

LU 

20.1 

20.6 

20.7 

22.0 



RL 

24.0 

25.5 

24.3 

26.8 

24.3 

27.3 

LL 

25.0 

27.0 

28.3 

29.8 



RU 

21.2 

22.5 

28.1 

30.9 



LU 

21.5 

23.4 

30.1 

31.4 



RL 

22.2 

22.6 

30.0 

30.5 



LL 

22.0 

22.4 

30.1 

30.8 



RU 

19.0 

22.8 

20.1 

20.8 



LU 

19.1 

20.3 

20.4 

21.1 



RL 

20.9 

21.9 

22.8 

24.0 



LL 

21.7 

22.2 

25.2 

27.0 

32.0 

=►32. 8 

RU 

18.9 

19.9 

22.9 

27.4 

30.2 

31.0 

LU 

18.9 

19.9 

22.8 

23.4 

30.8 

31.2 

RL 

21.1 

21.6 

27.8 

30.4 



LL 

19.5 

20.2 

27.8 

30.7 

25.9 

*32.0 

RU 

20.3 

20.5 

22.3 

22.5 



LU 

20.9 

21.7 

24.7 

25.2 



(rl 

23.3 

28.0 

24.5 

29.0 



(ll 

25.8 

29.6 

26.3 

30.4 



RU 

19.9 

20.9 

20.9 

21.0 

30.4 

30. 7 

LU 

19.9 

20.4 

20.5 

21.0 

30.7 

30.9 

RL 

20.8 

21.7. 

21.8 

25.3 

29.8 

30.4 

LL 

21.2 

21.8 

23.8 

25.3 

29.2 

30.8 

RU 

21.0 

22. S 

21.3 

22.8 

31.0 

31.3 

LU 

21.5 

24.0 

20.8 

23.7 

30.0 

31.2 

RL 

19.5 

20.0 

19.9 

20.6 

24.0 

30.3 

LL 

20. 1 

20.5 

20.0 

20.5 

26.6 

30. i 


which a paravertebral lumblfsymU^hTtic^^ock ST 
• Nerve block incomplete. 
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Chief Complaint: Pain in arches and toes of both feet. No claudication. 

Examination: Right dorsalis pedis pulse left +; both posterior tibial pulses 

absent. Has elevation ischemia on the left, dependent rubor of both feet, worse on the 
left. Roentgenograms show marked calcification of arteries of feet and legs. 

Figure i shows results of exposure, tetraethyl ammonium and nerve block on 
surface temperatures. 

In the upper extremities after tetraethyl ammonium, there were no significant rises, 
but the temperature after median nerve block reached normal levels. 

In the lower extremities after tetraethyl ammonium, there were slight to moderate 
rises, whereas block produced high sub-maximal temperatures, indicating early vasocon- 
strictor recession. 


Comporafive Effects of TEAC and Peripherol Nerve Block 
on Surfoce Temperatures 



Fig. 4. — Same experiment as Fig. 3. The graph shows the result of the 
experiment in a single digit in the upper and lower extremities. After tetra- 
ethyl ammonium the surface temperature of the finger rose to 29.0° C, the 
toe to 24.1° C. After nerve block, the finger rose to 31.0° C., the toe to 32.1° C. 


If tetraethyl ammonium alone were used, vasoconstrictor recession due to occlusive 
arterial disease would be diagnosed in all four extremities, advanced in the upper, mod- 
erately advanced in the lower extremities. Actually, the vasoconstrictor element was 
normal in all digits but the left 2nd and 3rd toes where it was submaximal. 

Figure 2 shows results of the experiment in a single digit of the upper and lower 
extremities. 
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Case 2.— R. B. (Table I) Male. Age 52. Thromboangiitis obliterans. 

Chief Complaint: Claudication, right leg, 4 years. No ulceration. 

Examination. Right posterior tibial and popliteal pulses o; al! other lower extremity 
pulses +++• Elevation ischemia + on the rigid, o on the left. Dependent rubor +, 
both feet. Right radial artery + ; left +++. Right ulnar artery +++ ; left 0. 

Figure 3 shows results of exposure, tetraethyl ammonium and nerve block on 
surface temperature. 

In the upper extremities after tetraethyl ammonium, there was a good rise of 
temperature but not to the normal level. After nerve block a normal level was reached. 

In the lower extremities after tetraethyl ammonium, there was only a slight rise, 
whereas after block there were normal levels in all but the left 3rd toe which 
reached 29.3° C. 

Were tetraethyl ammonium alone used, one would diagtiose early vasoconstrictor 
recession in the upper extremities and advanced vasoconstrictor recession in the lower 
extremities, whereas the vasoconstrictor element was normal in all digits but the 
left 3rd toe. 

Figure 4 shows the results of the experiment in a single digit of the ujjper and 
lower extremities. 


SUMMARY OF RESULTS 

Int-rarvenous administration of tetraethyl ammonium chloride was followed 
in certain extremities by a variable rise of surface temperature. In one case 
(No. 4) tetraethyl ammonium produced a rise of surface temperature to the 
average normal vasodilatation level in many digits, in other digits to somewhat 
below this level. No nerve block was done on this patient so that the actual 
maximum temperature after complete vasomotor paralysis is not definitely 
known. In all cases in which nerve block was done in addition to the admin- 
istration of tetraethyl ammonium, any rise of temperature following tetraethyl 
ammonium was below that proven possible by nerve block. The discrepancy 
reached 12.2° C. in Case 1 ; in others, differences of from S^-io® C. were 
common. Some digits which had minimal or absent temperature rises following 
the drug, were proven by nerve block to have the ability to reach or exceed 
the normal vasodilatation level of 30.5° C. The temperatures of some digits 
actually fell after tetraethyl ammonium. When a rise of temperature -was 
produced by the drug, the duration of a satisfactory effect was short, averaging 
about 15 minutes. 


CONCLUSIONS 

T. The surface temperature effects following the intravenous administra- 
tion of tetraethyl ammonium chloride were measured under controlled con- 
ditions in all 36 extremities in nine patients, eight of whom had various types 
of peripheral vascular disease. In 21 of these extremities comparison was 
made with the surface temperature effects of peripheral nerve block; in one 
with lumbar sympathetic block. 

2. The effects of tetraethyl ammonium are variable, undependable, usually 
incomplete and of short duration. 

3. Therefore, tetraethid ammonium is unsuitable as a diagnostic method 
in estimating the degree of vasoconstrictor tone in the extremities. 
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4. These experiments cast doubt on the efficiency o£ the drug as a vaso- 
dilating agent in peripheral vascular disease. 
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In the early years following the discovery of the peripheral vascular 
effects of paravertebral sympathetic ganglionectomy, the presence or absence 
of peripheral arterial disease was thought to depend on the degree of vasocon- 
striction as demonstrated by appropriate tests. We now know that this con- 
cept was erroneous and that advanced occlusion may occur in the major 
peripheral arteries of extremities which still maintain a normal or high 
vasoconstrictor element. Vasoconstriction is not synonymous with “spasm.” 
It occurs in extremities with normal peripheral vessels, and is also present to 
a normal or high degree in the early stages of chronic occlusive arterial 
disease. It is only in the advanced stages of chronic occlusive disease 
that the vasoconstrictor element has disappeared ; all gradations exist between 
the occlusive disease with normal vasoconstriction and the occlusive disease 
with vasoconstriction absent. 

The degree of vasoconstriction is usually determined by the effect of 
temporary vasoconstrictor paralysis on the surface temperatures of extremities. 
This vasoconstrictor paralysis may be produced by general anesthesia, spinal 
anesthesia, paravertebral sympathetic block, peripheral mixed nerve block or 
Landis-Gibbon warm water extremity immersion. On the basis of a personal 
experience with over 400 vasomotor studies over a period of 17 years, the 
author considers procaine block of the mixed peripheral nerves as the most 
accurate and reliable. 

The reports of the production of “autonomic blockade”-’ by tetraethyl 
ammonium chloride stimulated the author to compare the results of this drug 
with vasoconstrictor paralysis produced by methods proven by years of experi- 
ence to be accurate and dependable, especially by procaine block of mixed 
peripheral nerves. In a discussion of the article by Coller and his associates'"’’ 
on the effects of tetraethyl ammonium, De Bakey® reports that local nerve and 
regional sympathetic block invariably produced increases in skin temperature 
two to six times greater than that caused by tetraethyl ammonium bromide 
given intravenously, and that the duration of elevation following block was in 
every instance considerably more prolonged than the elevation following tetra- 
ethyl ammonium. Plethysmography corroborated these results. Later he 
reported such findings in a normal individual.'^ The author’s results on a group 

* SubmiUed for publication March, 1948. 
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of subjects suffering from various types of peripheral vascular disease have 
been reported elsewhere.® In that article, the reader will find a full description 
of the method used in this study. 

The present report deals only with the effects of tetraethyl ammonium 
chloride on 12 cases of degenerative arterial disease, in two of which (Cases 
II and 12) the lower extremities had been previously sympathectomized. The 


Comparative Effects of TEAC ond Peripheral Nerve Block 



Fig. I. — Case 3. G. A. Age 62. M. 

Claudication of both legs, 2 months, no ulceration or gangrene. 

Examination: Dorsalis pedis pulses — 1 — }-, posterior tibial +, popliteal and femoral 
pulses +-1 — |-. No elevation ischemia either side; dependent rubor d — h, both sides. 
Marked trophic disturbances. Marked calcification of foot and leg arteries by x-ray. 
Mild diabetic. 

Neither the finger nor the toe showed any appreciable effect from tetraethyl 
ammonium. After median and posterior tibial block, both the finger and the toe reached 
normal vasodilatation level. 


important data obtained in this study are set forth in Table I, which gives the 
dosage of the drug, the surface temperatures of the digits after exposure and 
the maximum surface temperatures of these digits after tetraethyl ammonium 
chloride and in most cases after peripheral nerve block. To afford the reader 
a clearer picture of the results, the lowest and highest maximum temperatures 
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Comparative Effects of TE AC and Peripheral Nerve Block 

on Surface Temperatures 

G.A.Age 62 M. Arteriosclerosis 

Upper Extremities 



After 40"Exposure 

Max.After T E A C 

Mox.AfferBlock I 


R 

L 

R 

L 

R 

L 

Digit 1 

22.5 

24.0 

22.8 

23.7 

31.0 

30.0 

2 

21.5 

23.5 

22.0 

21.7 

31.3 

31.2 

3 

21.0 

23.0 

21.5 

21.4 


31.0 

4 

21.0 

22.0 

21-5 

21.1 



5 

21.5 

21.5 

21.3 

20.8 



Palm 

25.5 

25.5 

26.5 

26.0 



Dorsum 

25.5 

26.0 

26.1 

24-7 



V/rist 

26.5 

27.0 

26.5 

27.3 



Midforearm 

27.0 

28.5 

26.3 

285 



Below El bow 

28.5 

28.5 

28.0 

27.0 



Above El bow 


295 


30.0 




Lower Extremities 



After 80"Exposure 

Max.After TEAC 

Max.After Block 


R 

L 

R 

L 

R 

L 

Digit 1 

19.5 

2 0.3 

19.9 

20.3 

2 4.0 

29.8 

. 2 

20.0 

20.0 

20.1 

20.0 

27.5 

2 6.6 

3 

20.0 

20.5 

20.4 

20.5 

28.2 

28.8 

4 

20.0 

20.1 

20.6 

20.1 

28.6 

28.1 

5 

20.0 

20.4 

2 : 0.6 

2 0.4 

3 0.3 

30.3 

Sole 

22.5 

21.4 

20.0 

21 8 

2 9.3 

292 

Heel 

22.5 

22.1 

22.3 

22.1 

3 0.0 

2 9.6 

Ankle D 

23.0 

24.0 

22.3 

24.0 



Midleg 

25.0 

24.3 

24.3 

24.3 



BelowKnee 

265 

24.0 

24.7 

24.0 



Above Knee 

265 

25.5 

26.5 

25.9 




Fig. 2. — Case 3. G. A. Age 62. M. 

Upper Extremities: After tetraethyl ammonium there was no significant 
rise of surigce temperature in the digits on the right ; an actual fall of surface 
temperature of the left digits of from 0.3° C. to 1.6° C. After median nerve 
block there was a normal level in the right ist and 2nd digits, and in the left 
and and 3rd digits. The left ist digit rose to 30“ C., slightly under the normal 
level but within the limits of error of the experiment. The right 3rd digit 
was not completely anesthetized. 

Lozver Extremities: After tetraethyl ammonium there was no significant 
rise of surface temperature on either side. After posterior tibial block there 
was moderate to good rise on both sides, better on the left, but in no case to 
the normal dilatation level. The block, however, produced temperature rises 
varj’ing from 9.9° C. to 4.1° C. higher than that produced by tetraethyl 
ammonium. 

Were tetraethyl ammonium alone used, advanced vasoconstrictor reces- 
sion would be diagnosed in all four extremities. Actually, the vasoconstrictor 
response was normal in the upper extremities, moderately decreased in the 
lower extremities. 
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of the digits of that particular extremity are noted. In addition, five cases were 
selected for more detailed description of the effects of tetraethyl ammonium 
chloride. These represent various stages of development of peripheral arterio- 
sclerosis ; in one, the lower extremities had been previously sympathectomized. 


Comparotive Effects of TEAC and Peripheral Nerve Block 
on Surface Temperatures 



Fig. 3. — Case 4. A. L. Age 69. M. 

Claudication of the left calf after walking i ^2 blocks ; “pins and needles” 
of left toes and heel for 3 to 4 weeks. 

Examination: Femoral pulses - 1 -++; all other pulses both sides absent. 
No elevation ischemia. Dependent rubor -j- on the left; o on the right. 

After tetraethyl ammonium chloride there was a marked rise of temperature 
in the finger, but 3.6° C. below the level reached after block ; there was no 
significant rise of temperature in the toe, yet the temperature after nerve block 
reached 31.1“ C. 


These detailed data are reported in a series of figures — a graph and a table for 
each case. The graphs give a visual impression of the effects of the drug and 
nerve block on single digits of the extremity. The tables give these data on all 
the digits of that patient and of the other sites selected for surface temperature 
measurements. 
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Comparative Effects ofTEAC and Peripheral Nerve Block 
on Surface Temperatures 
A.L.Age69M. Arteriosclerosis 


Upper Extremities 



AfterTS" Exposure 

Mox.AfterTEAC 

Mox.After Block 


R 

L 

R 

L 

R 

L 

Digit 1 

20.4 

20.9 

27.7 

23.8 

31.1 

31.8 

2 

1 9.9 

20.9 

28.2 

26.2 

32.0 

32.1 

3 

1 9.8 

20.8 

28.7 

27.7 

32.3 

32.2 

4 

.19.7 

2 1 .2 

292 

28.7 



5 

19.8 

21 .3 

29.3 

29.3 



Palm 

23.3 

23.9 

2 9.3 

2 9.7 





Lower Extremities 




After75" 

Exposure 

Mox.AfterTEAC 

Mox.After Block 


R 

L 

R 

L 

R 

L 

Digit 1 

21.3 

21.8 

22.2 

22.2 

29.9 

26.9 

2 

20.6 

22.1 

21.7 

22.4 

30.4 

26.7 

3 

20.7 

22.8 

2 1.3 

23.6 

29.9 

26.2 

4 

20.7 

24.8 

2 1.3 

25.6 

30.5 

27.5 

5 

2 0.8 

25.2 

2 1.2 

25.6 

31.1 

27.3 

Sole 

2 4.3 

25.3 

253 

2 8.3 

31.3 

28.1 

Heel 

2 4.0 

26.4 

243 

25.7 

mmm 


Ankle 

2 7.3 

2 7.3 



mam 


Midleg 

26.9 

2 6.8 





Below Knee 

25.8 

2 7.9 





AboveKne< 

28.3 

27.3 






Fig. 4. — Case 4. A. L. Age 69. M. 

Upper Extremities: After tetraethyl ammonium chloride there was a good 
but incomplete rise of surface temperature in most digits. Median nerve block 
produced normal levels or better in each digit anesthetized. 

. Eower Extremities: After tetraethyl ammonium chloride there were minimal 
nses^ temperature. After block the temperatures of the right side varied from 
29.9 C. to 31.3° C., at or slightly below the normal level; those of the left side 
varied from 26.2° C. to '28.1° C., showing evidence of moderately advanced 
recession 01 vasoconstriction due to occlusive arterial disease. 

if tetraethyl ammonium chloride alone were used the normal response in the 
upper extremities would be overlooked; the right lower extremity would have 
een judged to have advanced arterial disease without vasoconstriction, whereas 
tnere was a submaximal vasoconstrictor element still present; and in the left 
lon^r extremity, the rise to a moderate range would have been missed. In 
both lower extremities_ sympathectomy would probably have been denied the 
pa lent, whereas block indicates without question that following sympathectomy 
a marked increase m temperature would follow on the right and a moderate 
increase on the left. 
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SUxMMARY 

Tetraethyl ammonium chloride was giA^en intraA'-enously to 12 patients all 
of Avhom Avere suffering from peripheral arteriosclerosis ; the loAA^er extremities 
of tAvo of these (Cases ii and 12) had been previously sympathectomized. 
The effect of tetraetlud ammonium chloride on the surface temperatures was 
measured in all 46 extremities; in 31 of these surface temperatures were also 


31 


29 


o> 

X 3 

%. 

W 

o 


o 

525 

0 

o. 

£ 

01 

^23 


21 


19 


Comparotive Effects of TEAC and Peripheral Nerve Block 
on Surfoce Temperotures 

L.G. Age 50 M. 

Arteriosclerosis 



fAnes. lAnes. 
iN.RTib. IN.Med. 


fOMin 20 
300 Mgs. 
TEAC I.V. 


40 


60 


80 


100 


120 


140 


160 


Fig. 5. — Case 5. L. G. Age 50. M. 

Mild diabetic. Claudication both legs after walking lYz level blocks, 4 months. 
Examination: All pulses H — I — h. Angiospastic claudication. 

After tetraethyl ammonium chloride no rise of temperature in finger or toe. After 
block, finger temperature rose to 28.9° C., the toe to 28.5° C. Mild vasoconstrictor reces- 
sion in finger and toe. Other digits had more recession. (See table. Fig. 6). 


measured after A'^asoconstrictor paralysis was produced by procaine block of 
mixed peripheral neiwes, in tAVO by subarachnoid block. 

Tetraethyl ammonium chloride produced significant rises in surface tem- 
perature to 26° C. or over in only three of 42 extremities (excluding the 
sympathectomized extremities). Rise of temperature to 26° C. or over Avas 
obtained in 25 of the 32 extremities subjected to procaine block; rises to 28° C. 
or over in 20 of these extremities; and rises to 30° C. or over in 14 of these 
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Table I. — Sitimnary — All Cases 

Maximum Surface Temperature 

Surface Temperature — 

Mg. After Kxposure After Teac. After Block 

Case Teac. 


No. Initial Age Sex 

f.V. 

Extremity 

Lowest 

Highest 

Lowest 

Highest 

Lowest 

Highest 

I F.Z. S2 M 

SOO 

Right upper 

19. 1 

19.4 

20.3 

20. 1 





Left upper 

19.1 

20.1 

19.9 

20.4 





Right lower 

19.9 

2o:s 

21.6 

26.3 

30.2 

31.5 



Left tower 

20.1 

20.6 

21.3 

25.5 

31.5 

32.0 

2 F.M. 68 M 

500 

Right upper 

19.9 

20.9 

20.9 

21.0 

30.4 

30.7 



Left upper 

19.9 

20.4 

20.5 

21.0 

30.7 

30.9 



Right lower 

20.8 

21.7 

21.8 

25.3 

29.8 

30.4 



Left lower 

21.2 

21.8 

23.8 

25.3 

29.2 

30.8 

.1 G.A. 62 M 

300 

Right upper 

21.0 

22.5 

21.3 

22.8 

31.0 

31.3 



Left upper 

21.5 

24.0 

20.8 

23.7 

30.0 

31.2 



Right lower 

19.5 

20.0 

19.9 

20.6 

24.0 

30.3 



Left lower 

20.0 

20.5 

20.0 

20.5 

26.6 

30.3 

4 A.L. 69 M 

500 

Right upper 

19.7 

20.4 

27.7 

29.3 

31.1 

32.3 



Left upper 

20.8 

21.3 

23,8 

29.3 

31.8 

32.2 



Right lower 

20.6 

21.3 

21.2 

22.2 

29.9 

31.1 



Left lower 

21.1 

25.2 

22.2 

25.6 

26.2 

27.5 

5 L.G. SO M 

300 

Right upper 

20.5 

21.5 

20.2 

21.2 

28.7 

28.9 



Left upper 

19.8 

20.5 

19.9 

20.9 

28.7 

29.1* 



Right lower 

19.4 

19.6 

19.2 

19.5 

21.8 

26.8 



Left lower 

19.5 

19.7 

19.8 

20.0 

26.6 

28.7 

6 N.A. 58 F 

SOO 

Right upper 

21.0 

21.4 

21,7 

22.3 

27.7 

28.5 



Left upper 

21.2 

21.9 

21.8 

22.5 

28.5 

28.6 



Right lower 

22.9 

24.2 

23.8 

24.8 

25.0 

26.0 



Left lower 

22.6 

22.8 

22.5 

23.0 

23.5 

24.5 

7 C.R. 62 M 

SOO 

Right upper 

21.2 

21.6 

22 7 

25.6 





Left upper 

21.2 

22.2 

21.2 

22.4 

28.8 

30.2 



Right lower 

22.6 

26. 1 

21.9 

24.6 

22.4 

23.8 



Left lower 

23.4 

24.1 

21.4 

22.4 

21.7 

24.2 

8 D.L. 55 M 

.500 

Right upper 

20.0 

22.0 

21.0 

21.7 

25.0 

27.2 



Left upper 

20.0 

21.2 

21.1 

23. 1 

27.9 

29.5 



Right lower 

20 3 

21.0 

21.2 

21.7 

21.0 

21.4 



Left lower 

20.5 

21.0 

21.0 

21.5 

20.8 

26.5 

9 L.R. 65 M 

300 

Right upper 

20.0 

21.5 

21.0 

24.1 




+ 









200 

Left upper 

20.5 

22.0 

21.2 

23.2 





Right lower 

23.1 

23.6 

23.3 

23.7 

22.lt 

22. 4t 



Left lower 

20.6 

21.1 

20.4 

22.1 

21. 9t 

24. Ot 

10 M.T.t 56 M 

200 

Right upper 

20.4 

21.4 

20.6 

21.6 

21.1* 

21.6* 



Left upper 

19.9 

20.4 

20.5 

20.7 

21.0 

22.3 

11 H.N. 64 M 

410 

Right upper 

21.6 

22.8 

21.7 

22.0 





Left upper 

22. 1 

22.7 

20.8 

21.4 





Right lower** 

27.6 

30.0 

24.6 

29.5 





Left lower** 

23.3 

28.9 

23.1* 

28.5* 



12 J.R. 61 M 

400 

Right upper 

20.3 

20.5 

22.3 

23.2 





Left upper 

20.9 

21.7 

24.7 

25.2 





Right lower** 

23.3 

28.0 

24.5 

29.0 





Left lower** 

25.8 

29.6 

26.3 

30.4 



* Temperature still rising very slowly. 


♦* Sympathectomized. 
t Subarachnoid block. 

t Both legs amputated for arteriosclerotic gangrene. 
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Comparative Effects of TEACand Peripheral Nerve Block 
on Surface Temperatures 

L.G. Age 50 M. Arteriosclerosis 


Upper Extremities 



AfterSO" 

ExDosur-e 

Max.AfterTEAC 

Max. After Block 


R 

L 

R 

L 

R 

L 

Digit 1 

2 1.5 

20.5 

21.2 

20.9 

28.7 

2 9 .r 

2 

20.6 

20.0 

2 0.2 

20.2 

2 8.9 

2 9 . 9 *^ 

3 

20.6 

20.0 

2 0.4 

20.1 

2 8.7 

28.7* 

4 

20.6 

1 9.9 

20.5 

20.0 



5 

20.5 

1 9.8 

20.4 

1 9.9 



Palm 

25.0 

24.0 

23.8 

23.2 



Dorsum 

24.6 

23.6 

23.1 

23.0 



Wrist 

26.0 

26.4 

25.1 

24.7 



Midforearm 

28.8 

28.2 

28.1 

2 8.0 



BelowElbow 

29.5 

29.4 

29.1 

29.6 




Lower Extremities 



AfterSO" 

Exposure 

Max.Afte 

rTEAC 

Max.After Block 


R 

L 

R 

L 

R 

L 

Digit 1 

■EO 

■Era 

■EQ 

20.0 

21.8 

27.1 

2 

19.5 

19.6 

19.3 

1 9.9 

23.3 

26.6 

3 

■EEl 

19.5 

19.2 

■EEBI 

25. 1 

27.1 

4 

19.5 

19,5 

19.2 

1 9 . 8 * 

25.2 

27.0 

5 

19.5 

.19.7 

19.5 

■EEil 

26.8 

28.7 

Sole 

22.2 

22.3 

21.2 

21.5 

II^El 

wBm\ 

Heel 

21 .4 

21.8 

BEl 

21.5 

26.8 

27.8 

Ankle 

23.7 

23.7 

2 2.6 

236 


HHH 

Midleg 

25.7 

24.7 

24.7 

24.0 


HHH 

Below Knee 

25.2 

24.2 

25 2 

■giaii 


HHH 

Above Knee 

265 

27.1 

26.2 

25.9 


■■1 


Fig. 6. — Case 5. L. G. Age 50. M. 

After tetraethyl ammonium chloride there were no significant rises of temperature in 
any of the 4 extremities. 

After block, the upper extremity digits rose to from 28.7° C. to 29.1° C., indicating 
a mild vasoconstrictor recession, lower extremity digits rose only to from 21.7° C. 
to 25.2° C. on the right, and from*26.6° C. to 27.1° C. on the left, indicating a moderate 
to severe vasoconstrictor recession due to occlusive arterial disease. 

If tetraethyl ammonium alone were used a high subnormal vasoconstrictor element 
would have been overlooked in the upper extremities and a moderate vasoconstrictor 
element would have been overlooked in the left lower extremity. 
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Temperature Centigrade 


Comparotive Effects of TEAC and Peripheral Nerve Block 
on Surfoce Temperatures 

M.T. Age 56 M. 

Arteriosclerosis 


27 



Fig. 7.— Case lo. M. T. Age 56. M. Extensive general and peripheral sclerosis. 
Amputations through both low thighs for arteriosclerotic gangrene in 1939 and 1941. 
Examination: Gangrene of the right ring and left middle fingers, ^ months. Alarked 
cyanosis and pallor of both hands. Both brachial pulses H — | — h> radials atid ulnars not 
felt X-rays show mild calcification of the right subclavian artery; none m the hands, 
forkrms or arms. Old valvular heart disease. Surface temperatures both after tetraethyl 
ammonium chloride and after block show practical absence of vasoconstrictor tone. 

Comparative Effects of TEAC and Peripheal Nerve Block 
on Surface Temperatures 

M.T Age 56 M. Arteriosclerosis 


Digit 


1 

2 

3 

4 

5 

Palm 

Dorsum 

Wrist 

Midforeorm 
Below Elbow 


Upper Extremities 


After 70"ExDosure 

Max. After T FAC 1 

Max. Affe 

Block 

R 

L . 

R 

L 

R 

L 

21.4 

20.4 

216 

207 

22. r 

223 _ 

20.9 

ZO.A 

21.0 

207 

21.1 * 

21.0 

20.4 

20.4 

1 21.0 

20.6 

21.6* 

21.1 

20.4 

19.9 

21.1 

20.6 



204 

19.9 

20.6 

205 



24.4 

24.9. ■ 

23.7 

24.3 



2^9 

24.4 

23.6 

23.8 



25.4 

249 

25.0 

25.0 



279 

263 

27.a 

26.8 



28.9 

__2I2_ 

28.6 

2 8.0 



29.9 

29.4 

294 

28.9 




Fig. 8 . — Case 10. M. T. Age 56. M. Neither tetraethyl ammonium chloride nor 
block produced significant rises of temperature. The vasoconstrictor element has practically 
completely disappeared. On the right side, after block, readings were discontinued before 
actual maxima were reached. The slow rise after 35 minutes, however, indicates that the 
figures are close to the maxima. Although tetraethyl ammonium and block produced the 
same results, no rise of temperature was possible and the similarity of responses is no 
proof of the dependability of tetraethyl ammonium chloride. 
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extremities. In all three of the extremities which showed rises to 26° C. or 
over by tetraethyl ammonium chloride, nerve block produced a rise of tem- 
perature above the normal level of 30.5° C. In the sympathectomized extremi- 
ties the drug was followed by a change of from — 1.7° C. to C. When 

vasodilatation occurs as the result of tetraethyl ammonium chloride, the aver- 
age duration of a satisfactoiy effect (25° C. or over) is 15 minutes. 



Fig. 9. — Case ii. H. M. Age 64. M. 

Claudication of both calves after walking two blocks since October, 1944; 
night pain in the soles since November, 1944. 

Examination: Femoral pulses -) — |-, all others o. Bilateral marked eleva- 
tion ischemia, slight dependent rubor. Moderate vasoconstrictor element. 
Bilateral lumbar ganglionectomy, March, 1945. 

After tetraethyl ammonium chloride, the right toe showed a 0.6° C. 
rise of temperature; the left showed a i. 7 ° C. fall of temperature. 0.6° C. 
is ivithin the limit of error in the experiment. The finger showed no 
significant change. 


CONCLUSIONS 

I. Comparison of tetraeth3d ammonium chloride given intravenously, and 
of vasoconstrictor paralysis produced by peripheral nerve procaine block, 
shows that tetraethyl ammonium chloride is undependable and unsatisfactory 
as a diagnostic agent in estimating the vasoconstrictor element in extremities 
affected by peripheral arteriosclerosis. 
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2. In peripheral arteriosclerosis vasodilatation due to tetraethyl ammonium 
chloride is infrequent; when it occurs it is only partial and its duration is short. 

3. These experiments throw grave doubt on the value of tetraethyl ammo- 
nium chloride as a practical therapeutic agent in peripheral arteriosclerosis. 


Effect of TEAC on Surface Temperatures of Sympathectomized Extremities 


H.M.Age64M. Arteriosclerosis 

Upper Extremities (not Sympathectomized) 



■■ ■ « 

AfterllS Exposure 

Max. After TEAC 1 



R 

L 

R 

L 


Digit 1 

22.8 

22.4 

2 1.9 

21.2 


2 

22.6 

22.3 

2 2.0 

21. 1 


3 

22.1 

22.4 

22.0 

208 


4 

21 .9 

22.1 

21.7 

2 1.3 


5 

21 .6 

2 2.7 

21.8 

2 1.4 


Palm 

24.3 

2 4.6 

24. 1 

23.7 


Dorsum 

24.4 

25.7 

23.1 

22.5 


Wrist 

26.1 

26.1 

25.4 

25.0 


Midforearm 

28.1 

28.4 

28.1 

27.6 


BelowElbow 

29.9 

29.6 

29.4 

28.7 


Above El bow 

29.1 

29.1 


2 8.7 



Lower Extremities ( Sympothectomized ) 



Afterll5" Exposure 

Max.After T E A C 1 

Effect o-f T E A C 


R 

L 

R 

L 

R 

L 

Digit 1 

27.6 

28.5 

28.2 

2 8.5* 

+0.6 

0 

2 

29.1 

28.9 

29.2 

28.5* 

+ 0. 1 

-0.4 

3 

28.9 

27.0 

2 9.5 

25.3 

+0.6 

-1.7 

4 

24.0 

2 3.3 

2 4.6 

23.1* 

+ 0.6 

-0.2 

5 

30.0 

27.5 

2 8.9 

26.2 

-1 .1 

-1.3 

Sole 

28.5 

2 8.6 

27.3 

27.7 

-1 .2 

-0.9 

Heel 

30.1 

29.0 

28.5 

29.6 

-1 .6 

+0.6 

Ankle 

2 9.3 

30.6 

29.2 

29.6 

-0.1 

-1.0 

Midleg 

2 8.3 

28.0 

27.2 

27.2 

-1 .1 

-0.8 

Below Knee 

28.6 

26.6 

26.6 

26.2 

-2.0 

-0.4 

AboveKnee 

29.1 

2 9.6 

1 3 1.0 

31.0 

+ 1.9 

+ 1 .4 


Fig. 10. — Case ii. H. M. Age 64. M. 

_ Upper Extremities: (Not sympathectomized). After tetraethyl ammo- 
nium chloride there was no significant change in surface temperature. In fact, 
all but the right 5th digit showed an actual fall of temperature. 

Lower Extremities: (Sympathectomized) After tetraethyl ammonium 
chloride there were changes in surface temperature varying on the right 
from — 2.0° C. to -1-1.9° C. and on the left from — 1 . 7 ° C. to -fi 4° C These 
changes are not significant. In the digits the rise on the right was not more 
than 0.6 C. ; on the left there was a fall in four digits. 
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CHRONIC PROGRESSIVE INFECTIOUS GANGRENE OF THE SKIN* 


A PATIENT WITH EXPOSURE TO COLD AVAVE SOLUTION 

F. A SiMEONE AND H. L. HaRDY 
Bostox, Mass. 

FROM THE SURGICAL RESEARCH LABORATORIES OF THE HARVARD MEDICAL SCHOOL AT THE 
MASSACHUSETTS GENERAL HOSPITAL, AND THE DIVISION OF OCCUPATIONAL 
HYGIENE, MASSACHUSETTS DEPARTMENT OF LABOR AND INDUSTRIES 

Chronic inffxtious gangrene of the skin is an uncommon disease. 
Meleney^ distinguished four varieties ; Postoperative progressive bacterial 
synergistic gangrene, gangrenous impetigo; fusospirochetal gangrene; and 
amebic infection with gangrene. Occasional cases are seen which do not fit 
any of these chronic categories. They do not conform with the characteristic 
pictures of the acute infectious gangrenous lesions of the skin, and they differ 
in their natural history from the ordinary pyogenic infections of the skin and 
subcutaneous tissues. 

The course of an infection is determined by the virulence of the bacteria, 
by the nature of the tissue to which they have gained access, and by the ability 
of the patient's natural defenses to cope with the infection. The individual’s 
inherent ability to combat infection can be modified by a number of different 
factors, among them, exposure to injurious chemical agents. Exposure to 
benzol, for instance, causes a leukopenia and renders the patient peculiarly 
susceptible to infections of the skin and other organs. The patient to be 
described had an unusual type of chronic progressive gangrene of the skin of 
the abdominal wall. Her defense reaction was peculiar in that a leukopenia, 
rather than a leukocytosis, accompanied the infection. Recently, Cotter- 
reported five patients (Table V) who showed skin and systemic manifestations 
which he attributed to the toxic effects of thioglycolic acid in “cold wave” 
hairdressing solutions. The patient to be described, a hairdresser, is therefore 
of particular interest because in addition to the problem of management of a 
serious surgical lesion, she raises the question of the role that exposure to 
thioglycolic acid or thioglycolates in “cold wave” solutions may have played 
in her peculiar susceptibility to infection. 

CASE REPORT 

The patient was a 33-year-old single hairdresser. In 1934 she had been operated 
upon for acute appendicitis. The convalescence was complicated by the development of 
pelvic and perirenal abscesses which required drainage. That same year she was operated 
upon for symptoms of intestinal obstruction. Bilateral salpingectomy and right oophorec- 
tomy were done. Most of the left ovary was also removed for “cystic oophoritis.” She 
recovered satisfactorily from these operations and had always to watch her diet for fear 
of gaining weight. 


* Submitted for publication, February 1948. 
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The patient worked as a hairdresser for 11^2 years in addition to attendance at a 
hairdressing school for 2 3'ears. For 9 years she had worked in a very active beaut}^ 
parlor establishment of her own. Since March, 1944, she had been waving hair by the 
“Cold Wave” method. She worked long hours, often up to 10 or 12 hours a day and 
administered personally 6 to 12 “cold-wave” treatments a month. She developed no 
rashes or other obvious signs of toxicity, however, except that her finger tips would 
become very sore after applying cold wave solutions. She kept on working until her 
present acute illness. 

During the past 2 years she had shown signs of unusual susceptibility to infection. 
In June, 194S, she was stung by a mosquito on the medial aspect of the right ankle. The 
lesion became secondarily infected, she was febrile and acutely ill for several days. The 
lesion took 6 weeks to heal and a brown spot is still visible at the site of the lesion. 
In Januar}', 1946, she bumped the lateral aspect of her ankle against a rocking chair. 
There was no obvious break in the skin but an abscess developed there. It had to be 
“lanced” twice, sulfonamides were administered, and the lesion required 4 weeks to heal. 
The site of this lesion, too, is still marked by the presence of an area of brown 
pigmentation. 

For 3 months before the onset of her present acute illness, she had begun to complain 
of easy fatiguabilitj^. She had noticed a small external hemorrhoidal tab during that 
time, but it had caused no inconvenience until April 21, 1947, when she noticed that the 
hemorrhoid had suddenly increased in size. She felt feverish and was too ill to leave 
her house. Her family physician was called to see her and for the next 3 days she was 
treated with bedrest and oral penicillin. She took 400,000 units a day in the form of 

tablets (50,000 units each). No sulfonamides were administered. She failed to improve 

and she was admitted to the Jane Brown Memorial Unit of the Rhode Island Hospital 
on April 24, 1947,* where penicillin therapy was continued and, in addition, sulfadiazine 
(i Gm. every 4 hours orally) was started. Examination of the blood on admission, 
before any therapy had been started, revealed only 6000 white blood cells per cubic milli- 
meter with 78 per cent polymorphonuclear cells and 21 per qent lymphocytes. A leuko- 
cytosis had been anticipated and, because of its absence, the sulfadiazine was discontinued 
for fear of aggravating a leukopenia. 

Upon admission to the hospital, physical examination had revealed a large gangrenous 
external hemorrhoid and a blister-like pustule on the lower third of her left leg. This 

contained thin cloudy fluid. Nothing grew from it on culture. Subsequently, she developed 

a similar blister in the lower end of a broad right paramedian lower abdominal scar. Both 
blisters broke spontaneously. The one on the shin healed ; that in the abdominal scar left 
an ulceration which spread progressively, instead of healing, until the surface of the 
entire scar had “melted away.” 

The oral temperature on admission was 104° Fahrenheit. During her hospital stay 
the temperature varied between 102 and 104 orally. The thrombosed hemorrhoid grad- 
ually separated and by the end of 3 weeks it was no longer present. Her general condition 
continued to fail, however. The lateral abdominal scar also became ulcerated and indura- 
tion developed in the skin between the scars. She had severe night sweats and continued 
to lose weight. An exploratory laparotomy under ether anesthesia and through a subcostal 
incision was done on May 21, 1947. Abdominal Hodgkins disease or a liver abscess had 
been suspected. Neither was found. The wound healed well and the operation appeared 
to .have had no adverse effect. She lost 23 pounds in weight during the first 5 weeks of 
hospitalization. 

Among the numerous laboratory examinations done (Tables I and II) onl}' 2 were 
of positive interest, namely, the increased sedimentation rate and the leukopenia without 
agranulocytosis. 

* The writers are indebted to Dr. William P. D’Ugo and to Dr. Daniel V. Troppoli 
for much of the information relative to this hospital admission. 
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On May 29, 1947, she was transferred from the Jane Brown Afcmorial Unit of the 
Rhode Island Hospital to the Baker Memorial division of the Massachusetts General 
Hospital. She appeared critically ill and had an oral temperature of 101 dcRrecs Fahren- 
Iieit with a pulse rate of 120 beats per minute. Her l)lood pressure was 120 millimeters 
of mercury systolic and 68 diastolic, but her skin was cold and clammy. Except for the 
general systemic reaction, the positive findings were confined essentially to the right lower 
quadrant of the abdomen. Here there were 2 operative scars, a paramedian one and an 


Table I. — Blood Cytology from Records of Jane Broiim Memorial Unit of the 

Rhode Island Hoshilal 


Differential Count 

White Blood (.As Per Cent of Total White Blood Cell.";) 

Red Blood Cells Cells 

Per Cubic Hemoglobin Per Cubic Poiymorpho- 
Date Millimeter (Gm. Per Millimeter nuclear Lymplio- Mono- Baso- liosino- 


(1947) 

of Blood 

Cent) 

of Blood 

Cells 

cytes 

cyte.o 

phile.s philcs 

24 April 

2,640,000 


6,000 

79 

21 



26 April 



6,200 

71 

27 

1 


28 April 



7,850 

57 

42 

1 


30 April 

3,690,000 

10.8 

4,550 

66 

32 

2 


3 May 


.... 

3.750 

61 

37 

2 


5 May 


. . « . 

2,900 

57 

43 



10 May 



2,550 

62 

38 



11 May 



1,750 


. . 



14 May 


4 ♦ . . 

4.600 

59 

41 



22 May 

3,890,000 

11.2 

3,650 

77 

23 



26 May 


.... 

9.3S0 

80 

17 

1 



Table II. — Additional Laboratory Data from Records of Jane Brown Memorial Unit of 

the Rhode Island Hospital. 


Date 

(1947) 



Other Tests Performed (April-May 1947) 

Examination 

Result 

Examination 

Result 

25 April 

Hinton 

Negative 

Typhoid-dysenterj- agglutina- 
tions 

Negative 

1 May 

Hinton 

Negative 

Heterophile antigen (S tests) 

Negative 

24 April 

Blood culture 

Sterile 

Skin tests and opsonocytophagic 
test for brucellosis 

Negative 

30 April 

Blood culture 

Sterile 

Tuberculin test 1:1000 

Negative 

16 May 

Blood culture 

Sterile 

Frei test 

Negative 

17 May 

Blood culture 

Sterile 

Roentgenogram of chest 

Plain roentgenogram of abdomen 
Sedimentation rate (4 tests) 
Icteric index 

Stools 

Smears for malaria (2 tests) 
Excretion of phenolsulfon- 
phthalein 

Urinalysis and culture of urine 

Negative 

Negative 

All elevated to 3 times normal 
Normal 

Negative for ova, parasites 
and blood 

Negative 

Normal 

Negative 


oblique one more laterally (Fig. i). Both were now open ulcerations throughout most 
of their extents since the covering epithelium had undergone a dissolution. There was no 
undermining of the skin. Around and between the two lower abdominal ulcerated scars 
the skin was indurated and edematous. Nodular elevations about 0.5 cm. in diameter in 
the skin suggested multiple abscesses but there was no fluctuation. Immediately around 
the outer of the two scars, and extending mostly laterally from it was an irregular swell- 
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Fig. 1. — Photograph ol lesion of abdominal wall before operation. Note the dissolution 
of epithelium over the scars from previous operations, the margin of cellulitis extending 
from the Jcsion_ particularly upward and to the right, and the granulomatous appearance 
of the lesion with blister formation. 



Fig. 2. — Photograph taken on June 2i, 1947, at the time of the second dr^pjig to 
show the extent of the excision. The area is granulating well and sonic of the 1 hicrscli 
grafts have taken. 
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ing measuring 6 by t) centimeters. The swelling was nodular. The nodules measured 
0.5 to i.o cm. in diameter and some were ulcerated. No pus could he obtained from any 
of the ulcerated nodules. A culture from one of the ulcerated areas showed E. colt, 
Staphylococcus aureus and alpha-hemolytic Streptococci. Cultures for fungi were negative. 
On the inferior lateral surface of the granulomatous tumor, the surface epithelium was 
raised as a bleb by cloudy fluid. This fluid was examined for fungi and yeasts but none 
was found. The smear did show many polymorphonuclear cells and a few gram-positive 
cocci. During 5 days of observation, the granulomatous lesion increased in size, extending 


Table III. — Blood Cytology from Records of Massachusetts General Hospital. 



Hemo- 

globin 

(Gm. 

Per 

Cent) 

White 

Blood 

Polymor- 

plionu- 

clear 

Cells 


Differential Count 

(As Per Cent of Total White Blood Cells) 

Date 

(1947) 

Cubic 
Millimeter 
of Blood 

Targe 

Lymph- 

ocytes 

Small 

Lymph- 

ocytes 

Mono- 

cytes 

Baso- Eosino- 
philes philcs 

Platelets 

29 May 

10.7 

7,700 

74 

.. 

24 

2 

> > . » 

Slighty increased 

3 June 

4 June* 

12.0 

6,400 

4,200 

86 


It 

1 

1 

Slightly increased 

5 June 

S June 

— 

2,700 

3,300 

54 

3 

40 

3 


Slightly increased 

6 June 

• • « • 

4,300 

64 

1 

32 

1 

2 

Normal 

7 June 


5,000 

62 

2 

30 

5 

1 

Normal 

9 June 

13.4 

6,700 

75 

. , 

22 

3 


Normal 

10 June 

12.6 

9,800 

87 


10 

1 

2 

Normal 

11 June 

12.6 

6,000 

72 

2 

20 

6 


Normal 

12 June 

11.4 

6,600 

73 


24 

2 

1 

Normal 

13 June 


5,800 

63 


32 

4 

1 

Normal 

14 June** 


3,800 

75 


20 

2 

2 

Slightly increased 

16 June 


4,700 

61 


32 

5 

2 

Slightly increased 

18 June 

12.2 

4,000 

SO 


47 

3 


Norma. 

19 June 


5,400 

S3 

5 

35 

5 

1 1 

Slightly increased 

20 June 

11.8 

4,600 

54 


40 

6 


Slightly increased 

21 June 

12.6 

5,400 

49 

11 

38 


2 

Slightly increased 

23 June 


6,700 

78 


18 

2 

2 

Slightly increased 

24 June 


3,900 

52 

1 

44 

2 

1 

Increased 

25 June 


6,900 

71 


27 

. 

2 

Increased 

26 June 


5,600 

69 


30 

1 


Slightly increased 

27 June 


6,400 

63 


33 

3 

1 

Increased 

28 June 


5,600 

55 

2 

41 

2 


Normal 

30 June 

10. 7 

6,300 

58 


38 

2 

2 

Slightly increased 

8 July 

11 July** 

10.2 

3,400 

7,300 

41 

4 

52 


2 

Normal 

12 July 



61 

1 

34 

3 

1 

Normal 

15 July 

12.2 

7,500 

58 


38 

1 

3 

Normal 

21 July 

12.2 

7,400 

S3 

1 

43 

2 

1 

Normal 

1 August^** 

11.8 

6,800 

49 


46 

2 

1 2 

Normal 


* One per cent of cells in this smear unclassified. 

** One "blast” form seen in white cell differential in this smear. 

*** At this examination, the red blood cell count was 3.84 million; the hematocrit was 40%. 


laterally for the most part and the ulceration on the paramedian scar spread in all 
directions. It extended onto the pubis to i centimeter from the vulva. The entire involved 
area was circumscribed in the right lower quadrant of the abdomen by a one-half inch 
margin of bluish-purple discoloration (Fig. i). 

The admission white blood cell count was 7,7oo per cubic millimeter of blood with 
74 per cent polymorphonuclear cells. The hemoglobin concentration was 10.7 Gm. per cent. 
This rose to 12.0 Gm. per cent after the transfusion of 1500 cc. of citrated blood. The 
blood cytology throughout her hospital stay was characterized by a variable degree of 
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leukopenia, a normal or slightly augmented proportion of platelets in the smear, and 
occasionally a relative lymphocytosis (Table III). Examinations of the urine showed 
only a few white blood cells in the centrifuged specimens and i+ albumen which was not 
found in a catheter specimen. Examinations of the stool on 5 occasions were negative for 
blood, parasites and ova. One specimen was cultured and no pathogens were found. The 
hetcrophile antigen test was negative and agglutination tests for brucellosis* and for the 
typhoid-dysentery group were negative. Two blood cultures were negative. The patient’s 
blood was Rh positive and belonged to Group 0 . Other tests that were done are recorded 
in Table IV. 

RECORD OF TEMPERATURE AND PULSE RATE 



Fig. 3. — A chart of the patient’s temperature and pulse rate before and after excision 
of the lesion on June 3, 1947. Note the drop of the temperature to subnormal levels for 
the day of operation and for the next day. 


On June 3, 1947, a block-excision of the involved skin of the right lower quadrant 
was done by diathermy under ether anesthesia. The excision was carried through the 
subcutaneous tissue and onto the deep fascia which did not appear involved. The circum- 
ference of the excision was carried beyond the band of bluish-purple discoloration (Fig. 2). 
The inflammatory process included multiple small areas of necrosis in the subcutaneous 
tissue. There was no gross evidence of actinomycosis and cultures from the necrotic areas 
showed non-hemolytic Staphylococcus aureus and alpha-hemolytic Streptococcus. Ana- 
erobic cultures showed no growth. The Staphylococcus grew in a medium containing 0.3 
units of penicillin per cc., but was inhibited by 0.6 units per cc. The Streptococcus grew 
even when the medium contained as much as 5 units of penicillin per cc. 

* Opsonocytophagic index and skin tests for brucellosis were done at the Jane Brown 
Memorial Unit of the Rhode Island Hospital and were negative. 
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The effect of tile excision of the lesion upon the patient’s temperature was remarkable 
(Fig. 3). Beginning six days after the excision and twice again during the next month, 
“postage-stamp” split-thickness skin grafts from the thighs were a[)plied to the granulating 
surface until it was almost completely covered. There was a temperature reaction after 
the first graft, hut none aftei the othcis. A specimen of sternal marrow was taken for 
biopsy on July 31, 1947. Supra vital stains of impiessions from the marrow as well as 
histologic sections of it showed scant manow with no diagnostic almormality. (Since 
this paper was wiitten the jiaticnt has been hospitalired again because of severe anemia 
and leukopenia following an upper respiratory infection and a paronychia. At this admis- 
sion, blood smears show'cd severe depiession of the platelet count and two bone marrow- 
aspirations showed “insufficient tissue for diagnosis" and “fibrosis of bone marrow'" 
respectively.) 



Fig. 4. — Appearance of grafted area on July 30, 1947, eight weeks after excision of 

the lesion. 


She did very well after excision of the infected skin. The grafts grew satisfactorily 
and by the time she left the hospital, the area had epithelialized almost completely (Fig 
4). On the day of discharge, August 2, 1947, she weighed 140.5 pounds. 

Follow-Up Notes 

October 21, 1947: The patient has gained weight so that she now weighs 152 pounds 
in her dress and shoes. The right lower quadrant of the abdomen is completely 
epithelialized (Fig. 5) and depressions in the grafted area are filling out. The con- 
centration of plasma proteins is 6.0 grams per cent. The hematocrit is 36 per cent 
(hemoglobin 122 Gm. per cent). A count of the white blood cells was not done. ^^She 
was encouraged to lose weight and a well balanced low-caloric diet was prescribed 
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The lesion was treated as recommended b}’’ Melene)^^ for postoperative 
progressive bacterial synergistic gangrene. The skin of the right lower 
quadrant of the abdomen was excised beyond the inflammatory margin. Peni- 
cillin ointment was used in the dressing instead of activated zinc peroxide. 
Pathologic examination of the specimen was reported as follows : 

''Abdominal Wall. The specimen consists of a large irregular segment of 
skin from the lower abdominal wall, measuring 20 x 16 centimeters with 
attached subcutaneous fat. There is irregular gray-red ulceration in scattered 
areas. In other areas there is a peculiar firm nodularity in the surface of 
cobblestone-like structure. In the outer portion of the specimen is an area in 
which the epidermis is lifted from the underlying tissue by thin purulent 
material. On section, several places show a firm fibrous thickening, others a 


Table IV. — Additional Laboratory Data from Studies done at 
Massachusetts General Hospital. 


Examinations of tlie Blood 



*Liver 

Non- 



Protlirombin 


Alka- 



Func- 

Pro- 


Clilo- 

Time 


line 



tion 

tein 

Plasma 

rides 

(seconds) Cl)o- 


Phos- 



(as 

Nitro- 

Pro- 

Albu- (milli- 

les- 

Phos- 

pha- 

Cephalin 


per 

gen 

tein 

min equiv- 

Nor- terol phorus 

tase 

Flocculation 


cent 

(mg. 

(Gm. 

Glob- alents 

Vanden- Test mal (mg. 

(mg. 

(units 


Date 

reten- 

per 

per 

ulin per 

berg Speci- Con- per 

per 

per 

After After 

(1947) 

tion) 

cent) 

cent) 

Ratio liter) 

Reaction men trol cent) 

cent) 

cent) 

24 Mrs. 48 Mrs. 


29 May 


19 

6.4 

.... 95 Normal 





1 June 

. . 



18 

15 

189 

. . . Negative 

2 + 

2 June 

22 








21 June 


. * 



. . 



Negative 

1 + 

23 June 





. . 

4.8 

5.2 


24 June 


24 

5.79 

1.74 . Normal 


... ... 

. . . Negative 

u- 

25 June 




19 

17 




27 June 

6 








21 July 


26 

5.92 

1.82 





22 July 

4 








* Five milligrams of bromsulphalein are injected intravenously per 
remaining in the circulation is determined 45 minutes after injection. 

kg. of body 

weight and the amount 


purulent necrosis of the upper layers. Note: There is no evidence of fungus 
infection histologicall3L Diagnosis: ‘Acute and chronic inflammation with 
ulceration and necrosis.’ ” 

The drop in the patient's temperature immediatel}^ postoperatively, and 
the steady improvement in her general condition were remarkable. Neverthe- 
less, in spite of folic acid, ferrous sulphate and crude liver extract, the hemo- 
globin concentration of the blood by the time she left the hospital was only 
1 1 .8 Gm. per cent. An examination of the sternal bone marrow shortly before 
she was discharged showed no recognizable abnormality. The fluctuating 
leukopenia, without a frank agranulocytosis, was difficult to explain. It was 
certainly not related to the administration of penicillin and while penicillin 
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sensitivity tests against the principal offending organisms showed that the 
drug was not especially effective against those organisms, the drug was used 
nevertheless after operation to control secondary invaders in the open lesion 
during the multiple-stage skin grafting.' 

It was suspected that the peculiar hematologic response that this patient 
exhibited to infection and, in addition, the presence of impaired liver function 
(Table IV), could be due to an intoxication. Her history was carefully 
searched for possible exposure to noxious agents. The only possibility that 
could be disclosed was that she might have been exposed to some injurious 
agents in connection with her work as a hairdresser. Careful questioning 
revealed no possibilit}’ of exposure to carbon tetrachloride or to benzol -outside 



Table V.~ 

—Tabulaiion of Five Patients Reported by 

Cotter.^ 





Cephalin 


Case 




Flocculation 

No. 

Skin Lesions 

Anemia 

Leukopenia 

Test 

Comment 

1 

Present. 

Hemoglobin 13 Gm. 

None 

Positive 

Serum phosphatase nor- 


? X-ray dermatitis. 

per cent. 



mal. Recovered 6 months 






later. 

2 

Present. 

Told she had anemia. 

Slight 

Strongly 

Improved thrss months 


Pustules in scalp. 



positive 

later. 

3 

Burning and itching 

Hemoglobin concen- 

Granulopenia 

Positive 

Cephalin flocculation 


of skin strongly posi- 

tration low. 



test negative after 3 


tive patch test. 




months. 

4 

Diffuse itching rash. 

Hemoglobin 10 Gm. 

White blood 

cell 

Serum phosphatase 6.1 


Patch test positive. 

per cent. Red blood 

count 3000 per cubic 

Bodansky units per cent. 



cell count 3,200,000 

millimeter. Low gran- 

Made complete recov- 



per cu. mm. 

ulocyte count. 


ery. 

5 

Slight skin rash. Pus- 

Hemoglobin 10.6Gm. 

White blood 

cell Positive 

Platelets recorded as 


tular eruption around 

per cent. Red blood 

count 4,600 per 

CU. 

“scanty” in blood smear. 


roots of hair. 

cell count 3.6 mil- 

mm. Later 4,400 with 

Improved and then had 



lion. 

low granulocyte 

a relapse after her fifth 




count. ' 


cold wave. No improve- 


ment during next 2 
months. 


of her work. The patient then submitted for examination samples of all the 
materials and solutions that she has used in her beauty parlor. These were 
examined by the Division of Occupational Hygiene, Massachusetts Depart- 
ment of Labor and Industries. None of the solutions tested contained benzol 
or other known toxic agents except for the known presence of thioglycolic 
acid and/or thioglycolates in cold wave solutions. 

The active ingredient in cold wave solutions has already been suspected o 
exerting toxic effects in man. Cotter^ has reported cases with leukopenia and 
liver damage (Table V) which he attributed to intoxication from the active 
ingredients of cold wave solution. Hardys found leukopenia in two workers 
engaged in making cold w^’ave solutions. A vacation in both cases resu te in 
a return of the white blood cell count to normal. 
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McCord and his associates’’ ” have made an extensive laboratory study of 
thiogb'colic acid and thioglycolates in different concentrations. Tliey could 
detect no abnormalities attributable to repeated injections of sodium tbioglyco- 
late (3.58 per cent; pH 8.6) into rats and rabbits. With sodium thioglycolate 
in a cream preparation (7.3 per cent thioglycolate), positive skin patch tests 
were obtained in 8 per cent of 182 subjects exposed for 24 hours and in seven 
of 12 subjects exposed for g6 hours. Thioglycolic acid, however, produced 
positive patch tests even when the exposure of the skin to a 4.6 per cent 
solution was only for four to six hours. 

These workers report that both single and repeated subcutaneous injec- 
tions of thioglycolic acid produced skin ulcerations which were very slow to 
heal. Repeated injections, even in small doses, also led to minor changes in 
the kidney and to more severe changes in the liver. These were interpreted as 
being reversible. No significant changes were detected in the cytologic exam- 
inations of the blood except for a “slight increase in the platelet count.” There 
may have been some lymphocytosis. While pointing out that the condemna- 
tion of all cold wave process solutions is not warranted, McCord'’’’’ ” does state 
the need for protection of professional beauty shop operators who are exposed 
to thioglycolates and other cosmetic chemicals. With reference to injections 
of sodium thioglycolate, it is interesting to note that Brunschwig and his 
associates"’ ® found that repeated injections of this compound and certain 
other SLilfhydryl compounds exerted a protective action against the injurious 
effects of chloroform and carbon tetrachloride upon the liver in dogs and 
in rats. 

It is important to emphasize that it would be hazardous to state cate- 
gorically that the patient described above owed her peculiar hemocytologic 
response to infection and the evidence of liver impairment to thioglycolic acid 
or thioglycolate intoxication. The evidence is purely circumstantial. It is fair 
to state, however, that as far as intoxications are concerned, this patient had no 
exposure to any other of the known industrial poisons and none of these could 
be detected in the solutions with which she worked. The proportion of free 
thioglycolic acid to its neutralized salt in the solutions with which she has 
worked cannot be told with au}’ degree of certainty. Nevertheless, from the 
point of view of occupational medicine, it was thought important to present 
this case because of the increasing interest in the problem, and because, with 
accumulation of data from different sources it may be possible to indict or to 
exonerate cold wave solutions from responsibility in cases such as this “beyond 
a reasonable doubt.” 

CONCLUSIONS 

1. An unusual case of chronic progressive infectious gangrene of the skin 
is described. 

2. The possible relationship between the manifestations of the infection 
and exposure to thioglycolic acid and/or thioglycolates in “cold wave” solu- 
tions is discussed. 
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k STUDY OF THE BETA 17 KETO-STEROIDS IN A CASE 
OF PSEUDO-HERMAPHRODITISM DUE TO 
ADRENAL CORTICAL TUMOR='= 

Leon J. Leahy, M.D. and Winfield L. Butscii, M.D. 

BurrAi.o, N. Y. 

FROM TIIK DEPARTMENT OF SURGERY OF THE UNIVERSITY OF RUFFALO SCHOOL OF MEDICINE 
AND THE children’s HOSPITAL OF BUFFALO 

Evidence which attests the value of determining the beta 17 keto- 
steroids in the urine when confronted with the necessity of making a diagnosis 
of the cause of abnormal sexual development is constantly accumulating. The 
beta 17 keto-steroids as studied in the urine of this one-year-old girl with a 
masculinizing syndrome conform well to the pattern that has been evolving in 
this condition. This case is reported for the purpose of adding further con- 
firmatory evidence to the importance of making these determinations. 

The keto-steroids have been used as indicators because of the information 
they convey about the activity of the adrenals. Of all the steroids found in the 
adrenal gland those which have a keto group on carbon 3, are the ones which 
possess adrenal cortical function. Thus the interest in so-called keto-steroids. 
When interest is narrowed down to the adrenal keto-steroids that have action 
on sexual characteristics, attention is focused on the 17 keto-steroids. The 
17 keto-steroids are those with a distinctive side chain on carbon 17. Recently, 
a further refinement in diagnosis has taken place. The 17 keto-steroids have 
been divided into alpha and beta fractions and data has been collected upon the 
relative importance of the beta fraction. When the beta fraction is in pro- 
nounced excess, the patient will have an adrenal cortical adenoma or carcinoma. 
This has been the uniform finding in the reported cases."* Thus the surgeon 
is aided in evaluating the operative indications in a patient with masculinizing 
changes. If the 17 keto-steroids are high, the pathologic change is probably 
in the adrenal. If the beta fraction of the 17 keto-steroids is high, the lesion 
is probably a tumor and not a hyperplasia of tlie adrenal. 

The II oxy-cortico steroids with a 17 hydrox3d group were also studied. 
Talbot and his associates,^ state that these substances result from adrenal cor- 
tical activity and are an index of the rate of secretion of adrenal cortical hor- 
mones influencing protein and carbohydrate metabolism. They have found 
these substances excreted in abnormally large amounts in patients suffering 
from burns and postoperative conditions as Well as in Cushing’s syndrome 
and adrenal cortical virilism. No abnormal elevation was found in simple 
hirsutism. 

case report 

A one-year-old white female was referred for admission to the Buffalo Children’s 
Hospital on November 17, 1946, by Dr. Max Landsberger. The mother stated that she 
had first noted a single black pubic hair when t he child was 3 months old. At the age of 

* Submitted for publication, June 1948. 
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II months, tlic Pediatricimi first noted an cnlai'Kcd clitoris and niiincrous pubic liairs 
during a routine physical examination, llis examination a month previously had not 
disclosed this abnormality. The child had no complaints and behaved normally. 

Examination revealed a healthy appearing young female weighing 25 pounds. 
Development appeared normal with the exception of the prominent pubic hair and axillary 
hair. Tlie clitoris was enlaiged to fimr times normal sire, also the labia majora. No 
abdominal masses were found nor weie any palpated by lectum. The blood pressure was 
100 .systolic and 70 diastolic. 



I 

I 

Fro I. Preoperative appeal ance of clitoris showing growth of 

pubic hair 


oentgen-ra}' studies of the sella turcica and the bones of the skull revealed no 
a mormalities. The bone age of the long bones were consistent with the child’s age A 
P ain film of the abdomen showed a defonnit}’’ in the gas-filled duodenum. The duodenum 
la a concavitj’^ in its right border and was displaced to the left as far as the midline. 

IS finding, suggestive of a mass in the region of the right kidney, deforming the duo- 
enum was confirmed after filling the duodenum with barium. It was also illustrated by 
intravenous pyelography which showed the pelvis of the right kidney to be displaced 
downward. 


Examination of the blood and urine was within normal limits. The serum chlorides 
were 105 M Eq., non protein nitrogen 22 mg. per cent, sodium 138 M.Eq., cholesterol 175 
to 2^ mg. per cent, blood sugar 71-123 mg. per cent. 

of keto-steroids were 88.8 mg. in a 24 houi urine sample. The beta fraction 

o ese amounted to 79 mg. The ii oxy-cortico steroids were 1.07 mg. in 24 hours. 
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The child’s abdomen was explored through an upper transverse incision. A large 
retroperitoneal tumor mass the size of a man’s fist was found at the upper pole of the 
right kidneJ^ This was excised in toto. The postoperative course was entirely uneventful. 

The microscopic description of the tumor b}’’ Dr. Kornel Terplan stated that it 
showed a uniform picture of a mature tubular and alveolar adrenal cortical adenoma of 
the typical pattern described as the basis of the adreno-genital syndrome. The tumor was 
well encapsulated and showed some calcification in the hyaline capsule. The tumor ceils 
were rich in glycogen and lipoid. There were but few atypical giant nuclei. Two weeks 



Fig. 2 . — Plain roentgenogram of the abdomen. Arrows show air-filled 
duodenum deformed by the tumor. 


after operation none of the 17 keto-steroids was found in the urine. The ii oxy-coitico 
steroids had fallen to .04 mg. in a 24-hour urine sample. A year after operation the total 
17 keto-steroid excretion in 24 hours was .2 mg. fraction and the 1 1 oxy-cortico steroids 
were .04 mg. (Fractionation of the total 17 keto-steroids was not done because the total 
value was too low.) At this time the clitoris had diminished in size and the pubic hair 
was less dense and of finer texture. The child was otherwise normal. 

COMMENT 

Gross- in 1940 described numerous neoplasms which produced endocrine 
disturbances in childhood. These vary greatly. There may be slow growing 
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tumors of neurogenic origin of the floor of the lliird ventricle which produce 
precocious appcar;\ncc of the secondary sex characteristics. The secondary 
sex characteristics, however, are always the same as would he expected ac- 
cording to the child’s sex. Likewise, a ju'ccocious pu])erty due to a neoplasm 
is found where the tumor is in tlic pineal gland. This is always seen in boys. 
Granulosa cell tumors of the ovary with their masculinizing changes were 
found producing i)rccocious puberty in girls. No arriienoblastomas of the 
ovary with their masculinizing changes were found as they do not occur in 
children. The youngest recorded patient with arrhcnoblastoma was 15. In 
this review, carcinoma of the adrenal cortex was described as producing 



a iw ii** 



Fig. 3 A. — Gross appearance of the resected adrenal cortical 

adenoma. 


Cushing s syndrome, a masculinizing syndrome in females and a feminizing 
syndrome in males. A testicular tumor composed of interstitial cells was 

found to produce early changes in the secondary sex characteristics in a male 
child. 

Talbot, Butler and MacLachlan^ in 1940 found the 3 beta hydroxy- 17- 
keto-steroids to amount to 10 per cent of the total 17 keto-steroids in normal 
persons. In two girls with adrenal tumors the proportion was 50 per cent 
and 63 per cent. 
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Talbot, Butler and Berman^ in 1942 stated that patients with adrenal 
cortical hyperplasia and those with adrenal carcinoma both excrete abnor- 
mally large amounts of the 17 keto-steroids. The minimum values of the 
carcinoma patients approximately coincide with the maximum of the hyper- 
plasia group. Only the group with carcinoma excrete definitely increased 
quantities of beta 17 keto-steroids. 

Callo\V and Crooke'’ in 1944 summarized the data on 19 reported cases 
of adrenal cortical tumors. In all but two of these 19 cases the daily output 
of 17 keto-steroids exceeded four times the average normal excretion. They 
emphasize that patients with pre-pubertal virilism without adrenal tumors 
may show relatively the same values (34 to 64 mg. per 24 hours) for urinary 



Fig 3 B — Microscopic appearance of the resected adrenal cortical 

adenoma 


17 keto-steroids as the lower range of 17 keto-steroid output in similar pa- 
tients with adrenal tumois They report a case of a girl, age 14, whose 
menstrual periods began at the age of 10 At the age of 12, she developed a 
large clitoris and hair grew on her face. The total 17 keto-steroids were 90 
mg. The beta fraction only accounted for 12 per cent of this total. At opera- 
tion, normal adrenals and ovaries were found. 

Cantarow and Trumper® in 1945 stated that the total 17 keto-steroids 
showed high values in adrenal cortical carcinoma, adrenal cortical hyper- 
plasia and interstitial cell tumors of the testis. They found the beta fraction 
high in adrenal cortical carcinoma exhibiting the adreno-genital syndrome, 
also in adrenal cortical carcinoma producing Cushing’s syndrome and in one 
male patient with feminization resulting from adrenal cortical carcinoma. 
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Broster and Gardener-HilF in 1946 produced a marked improvement in 
a case of Addison’s disease by transplanting an adrenal gland from a case 
of virilism in a young woman. The donor girl, whose 17 keto-steroids were 
29-5 nig. prior to operation, provided an Itypertrophied left adrenal gland. 
Following operation her \y keto-steroids fell to 5 mg. and she made a satis- 
factory psychosomatic adjustment. The recijiient. who could not be main- 
tained in health without salt and cortical hormone substitution therapy, was 
able to lead a normal life after having this adrenal gland embedded in her 
left rectus muscle and anastomosed to the deep epigastric artery. 

Dockerty® in 1947 descrilied the arrhenoblastoma as the most common 
functioning ovarian tumor that jiroduces masculinizing changes. AVhile it 
produces androgenic substances, thev are not excreted as 17 keto-steroids. 
Thus there is a method of dih'erentiating the ovarian masculinizing syndrome 
from the adrenal masculinizing syndrome. Of much more rare occurrence 
is the masculinovoblastoma (adrenal-like ovarian tumor). To masculiniza- 
tion, this tumor adds other features of Cushing’s syndrome such as hyper- 
tension, plethoric obesit}-, diabetes and polycythemia. The results of hor- 
monal studies in this tumor have been somewhat at variance. 

Johnson and Nesbit^ in’ 1947 have presented an excellent survey of the 
literature and details of the 17 keto-steroid excretions in adrenal cortical 
carcinoma. They found only 32 cases of adrenal cortical carcinoma in which 
the total 17 keto-steroids had been done and a very few where the beta frac- 
tion had been determined. The}’’ added three cases of their own in which 
not only did they find a marked elevation of the total 17 keto-steroids but 
also the expected increase in the beta fraction which comprised respectively 
57 j 74 and 80 per cent of the total. 

We are deeply indebted to Dr. Fuller Albright of Boston, Massachu- 
setts, in whose laboratory the determination of the keto-steroids were made. 

CONCLUSIONS 

1. This case of pseudo-hermaphroditism with a surgically removed adrenal 
cortical adenoma has shown the expected elevation of the total 17 keto-steroids 
(88.8 mg.) and the percentage (87 per cent) of 3 beta hydroxy-17 keto- 
steroids. 

2 . The II oxy-cortico steroids were found to be four times the average 
normal in this case. This is likewise consonant with reported studies on 
adrenal cortical tumors. 

3. Follow up studies a year later showed a return of the keto-steroids and 
oxy-cortico steroids to normal and some regression in the masculinizing 
changes. 

This is presumptive evidence that there has been no recurrence of the 
tumor. 
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EVALUATION OF THE OPEN JUMP FLAP FOR LOWER 
EXTREMITY SOFT TISSUE REPAIRn 

Sterling Edwards, M.D. 

BlUMINOllAM. Ala. 

A RAPID EPi-TciiiiNT MiiTiiOD of transferring large flaps of skin and subcu- 
taneous tissue to resurface scar defects of the lower extremity has been devel- 
oped by Cannon, Brown, Lischer, cf al., during the recent war. The commonly 
used abdominal tube pedicles have taken many months to complete and 
some have been lost in transit. The open jump flap from the abdomen, how- 
ever, has been found to be much safer, and transfer of large flaps can be 
completed in a much shorter time. 

As the above authors have pointed out, the fundamental principles of the 
open jump is maintenance of a short broad pedicle throughout all stages of 
transfer. This assures the flap of an adequate blood supply at all times and 
allows the use of very large areas of abdominal skin and subcutaneous tissue. 
A wider area of scar on the leg can be covered with the open jump flap since 
the abdominal tube is necessarily restricted in its width. The open jump flap 
method has been used to cover defects from the inguinal region to the sole of 
the foot, and to the level of a stiff knee. The contralateral arm is often used 
for a carrier in covering defects of the foot. The open jump flap has the 
advantage over the cross thigh or cross leg flap in that there is no danger of 
impairment of circulation in the opposite leg. 

Technic, The most important step in preparing an alidominal flap is 
careful planning. Either arm may be used as a carrier, and the flap may be 
attached to the radial or ulnar side of the forearm, depending upon which, in 
the individual case, will allow the most comfortable position during transfer. 
The flap should always be made one-third larger than the defect to be covered 
to allow for shrinkage. 

A rectangular abdominal flap is raised and dissected back along the deep 
fascia to preserve the blood vessels running just above the fascia. This flap 
is so placed on the abdomen that the forearm can be comfortably attached 
with a minimum of tension. Another rectangular flap of the same width is 
raised on the forearm. This flap should be one to one and a half inches in 
length so that when it is turned back an open area of two to three inches in 
length and the same width as the abdominal flap will be present for attachment 

* Submitted for publication June, 1948. 

t This work has been done in association with Colonel James B. Brown, Lieu- 
tenant Colonels Bradford Cannon, David Fisher, and Majors Carl E. LiscJier, William B. 
Davis, Stephen Chasko, Andrew M. Moore, Joseph E. Murray, Pierson Checket, and 
Stephen R. Lewis, and Captains Milton Edgerton, James E. Jensen, Allyn McDowell 
and Franklin T. Buchannan. 
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Fig I. — I. The detect to le covered 

2. The abdominal and arm flaps laised and ready for attachment 

3. The open jump flap partially sutured to the arm flap. Outer dotted lines indicate remamdei 
of the proposed flap on the abdomen Inner dotted lines on the left outline area to be undermined 
at the first delay 

4 The open jump flap attached to the leg 

5 Completed open jump flap 


1132 



Volume 12S 
Xumber 0 


OPEN JUI^tP FLAP FOR LOWER EXTREMITY 


of the abdominal flap. The two flaps are then sutured together and the open 
area on the abdomen covered with a skin graft. 

After two or three weeks, one-half of the proposed flap remaining on the 
abdomen is outlined, completely undermined, and resutured in its original 
position. Ten days later this procedure is repeated on the other half of the 
proposed flap. The purpose of these delays is to improve the collateral circu- 
lation nourishing the flap from the forearm. 

Seven to 14 days later the entire flap is raised from the abdomen, and the 
abdominal defect covered with a split graft. The operating table is now jack- 
knifed and the patient brought to a sitting position so that the arm and leg may 



A B 

Fig. 2. — A and B, Stages in construction of an open jump flap for 
resurfacing scar tissue of the left thigh in a patient who needed a bone 
graft to the left femur. 

be approximated. Skin and scar tissue are excised from the leg defect and the 
jump flap carefully sutured in place. A pressure dressing is applied and the 
arm is taped to the leg. The patient’s body is held in a flexed position at the 
hips by a body and leg cast or by long strips of adhesive, as the case requires. 
This procedure is usually carried out under low spinal anesthesia supple- 
mented on the abdomen by novocaine infiltration for detaching the flap and 
applying skin graft. This allows the patient to cooperate and avoids the dan- 
gers of a thrashing patient awakening from a general anesthesia. 

In three weeks the flap is two-thirds detached from the arm, and resutured. 
Three to seven days later the flap is completely detached and inserted into 
the leg defect after removing the remaining scar. The flap on the arm may be 
resutured at this time and usuall}’- leaves little more than a linear scar. 
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KVAL.UAT10N 

An attempt has been made to compare the efficiency, period of time 
required for completion and safety of the abdominal tube pedicle with that of 
the open jump flap for covering defects of the lower extremity. The abdominal 
tube pedicle method of resurfacing leg defects was selected for comparison 
because it was the most common method used by the Plastic Surgical Service 
at Valley Forge General Hospital and many other plastic surgical services for 
covering defects too large to be adequately covered by cross leg flaps or by local 



C D 


Fig 2 — C and D. Stages in construction of an open jump flap foi 
resurfacing scar tissue of the left thigh in a patient who needed a bone 
giaft to the left femui. 

flaps. To do this, 26 open jump flaps and 33 abdominal tube pedicles used for 
lower extremity repair at Valley Forge General Hospital duiing 1946 and 1947 
have been carefully studied and compared. The same surgeons worked on 
both types of tissue transfer, and the majority of the surgeons performing these 
procedures has had approximately the same amount of surgical experience. 

Of the 33 abdominal tube pedicles studied, seven were unsuccessful to the 
extent that another abdominal tube or some other method of coverage was 
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necessary for resurfacing the defect. These tul)e pedicles were lost at various 
stages of transfer, usually because of thrombosis in the tube, or necrosis at the 
distal end. Twent3--six abdominal tube pedicles were successfully completed. 
It was found that the average length of time that elapsed from the first oper- 
ation for construction of these 26 abdominal tubes to the date of insertion of 
the tube into the scar tissue defect was 333 days or approximately 1 1 months. 
An average of ten operations was necessary in the 26 completed tubes. 

Twenty-six open jump flaps were completed during 1946 and 1947. A 
corner of one flap was lost, necessitating a small local flap ; all other flaps were 
completely successful. An average of 104 days, or approximately three and 
one-half months, elapsed between the original operation of attachment of the 
jump flap to the forearm, and insertion of the flap into the defect. An average 
of six operations were required in these 26 cases. 

The primary objection that has been raised to the open jump flap is the 
fact that the open under-surface of the flap violates the closed wound principle 
of surgery. This objection can easily be overcome by covering the under- 
surface of the flap with a thick split graft. Several of the flaps in the above 
series were constructed, maintaining a closed wound through all stages ; yet 
these flaps seemed to have no advantages over those left open. 

SU^LMARy 

The open jump flap method of repair of soft tissue defects of the lower 
extremity is described. 

Twenty-six open jump flaps and 33 abdominal tube j)edicles were reviewed. 

Open jump flaps were completed in an average of 104 days and six opera- 
tions as compared to an average of 333 days and ten operations for completion 
of the abdominal tube pedicles. Thus, the open jump flaps took only one-third 
the time required for abdominal tube pedicles. 

One open jump flap was partially lost as compared with seven unsuccessful 
abdominal tube pedicles. 
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CARCINOMA DEVELOPING IN SEBACEOUS CYSTS* 

Joseph C. Peden, Jr,, M.D. 

St. Louis, Missouni 

FROM THE DEPARTMENT OF SURGERY. WASHINGTON UNIVERSITA' SCHOOL OF MEDICINE. 

AND DARNES HOSPITAL, ST. LOUIS, MISSOURI 

We have recently reviewed the cases of carcinoma develoiiing in 
sebaceous cysts from the material of the Department of Surgical Pathology 
at the Barnes Hospital. The relatively large amount of material available 
as well as certain other desirable data appeared to justif}' a report of our 
analysis. It has been the practice at this hospital to examine histologicall}'’ 
all excised tissue whether apparently benign or not. Sebaceous C3'sts re- 
moved on both the ward service and the private service are routinely sub- 
mitted for microscopic study, so it is thought that the incidence of malignant 
transformation may be stated with some accuracy in this report. In three 
relatively lai-ge series reported previously on this subject only Bishop^ ex- 
amined microscopically all cysts removed, both Caylor= and Stone and 
Abbey^ studying microscopically only those cysts in which there was some 
reason for suspecting a carcinomatous change. 

That cutaneous epithelial cysts have several possible origins is well rec- 
ognized and yet “sebaceous cyst” has come to be applied rather loosely to 
most cysts of the skin without regard for their origin. This is not without 
some justification as differentiation may be extremely difficult or impossible 
particularly when inflammation and degeneration occur. Sebaceous cyst be- 
comes a most infrequent lesion when rigidly defined, as by Warvi and Gates,'* 
as retention cysts of sebaceous glands in which secreting sebaceous gland 
cells must form an integral part of the lining wall. They found only three 
out of 566 cutaneous epithelial cysts which satisfied these criteria and felt 
that many more epithelial C3"sts arise from congenital inclusions or from 
epithelial cells misplaced by injury. Franke® has reported a malignant trans- 
formation in what probably was a true traumatic epithelial cyst of the base 
of the thumb, and one of Collins’® three cases ma3'- represent carcinoma 
originating in a traumatic epithelial cyst on the palmar aspect of the finger. 
In none of our cases was there any reason to suspect such a course. Broders 
and Wilsoffi feel that most so-called sebaceous cysts are better classified as 
keratomas, and they note several points of differentiation. However, in past 
reports of carcinoma developing in epithelial C3'^sts, thei*e have been onty in- 
frequent efforts made to define the origin of the cyst, and it has been cus- 
tomar3r to refer to them as “sebaceous cysts.” Love and Montgomeiy® re- 
ported two carcinomas developing in epithelial cysts other than sebaceous 

* Submitted for publication June, 1948. 
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cysts and two carcinomas developing in sebaceous cysts, and yet they note 
that a sharp distinction between the various types of benign cyst has not 
always been made in their 271 cases. In our material it has not been cus- 
tomary to break down the cysts of the skin of this type into finer subdivi- 
sions, and in those cases where carcinoma appears, this clififerentiation is 
difficult if not impossible. 

It is not always possible to determine from histologic examination alone 
wlietlier a particular skin cancer has its origin in a cyst. We have in all 
cases reviewed the history in association with the gross and microscopic 








m 






Fig. I. — Foreign body inflammatory reaction adjacent to sebaceous cyst m wmen cancer 

developed. (230X) 


ndings and in some instances have relied chiefly on the history in determin- 
ig the origin of a particular lesion. In some cases inflammatory changes 
1 response to the irritable contents of a sebaceous cyst may be seen and 
ive a clue to the cyst origin of the carcinoma (Fig. i). Even with all avail- 
ble information there may still be some doubt, in which case we may have 
een inclined to favor the side of cyst origin. In our 14 cases the histologic 
vidence in nine has been conclusive of the sebaceous cyst origin of the 
arcinoraa; in the five remaining cases we have relied on other evidence in 
ddition to the histologic appearance usually suggestive of cyst origin, 
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INCIDENCE 

Carcinoma developing in sebaceous c)'sts has been frequently reported 
in the literature although usually in small numbers in individual series. 
However, Ricker and Schwalbe® in 1914 collected 43 cases from the litera- 
ture and there have been a number of cases reported since then,^'®’ *’’’ 
Bishop’- reported ii cases and in his material the incidence of malignant 
change in a sebaceous cyst was 9.2 per cent, the highest figure in the litera- 
ture. In other relatively large series Caylor* has found the incidence of 
this change to be 3.4 per cent. Stone and Abbey® 2,2 per cent and Love 
and Montgomery® 1.5 per cent. We have identified 14 carcinomas having 
origin in sebaceous cysts while examining 818 benign sebaceous cysts, an 
incidence of 1.7 per cent. At the same time 536 squamous cell carcinomas 
of the skin have been studied, so that our cases make up 2.6 per cent of this 
group. On the basis of this information, we agree with Love and Mont- 
gomery® that sebaceous cyst need not be considered as a precancerous lesion. 
The frequency of malignant change in the group of dermatoses classified 
as precancerous by Montgomery,’® namely Bowen’s disease, senile keratosis, 
keratoses resulting from arsenic, tar or radiation and leukoplakia of the 
mucous membranes, is 20 per cent or more. On the other hand, Sutton” 
and Hellwig’® criticize the use of the term precancerous at any time. 


AGE, SEX, RACE 

The average age of our patients was 51.6 years in accord with previous 
series’'®' ®' ® and only one patient was under 40 years of age. Bishop’ has 
noted an average age of 38.2 years of patients with benign sebaceous cysts 
removed, so the possibility of carcinomatous change appears to be greater 
with increasing age. The sex distribution was equally divided; there were 
six males and eight females in our group. One carcinoma occurred in a 
colored female. 

SITE, DURATION 

Seven cases occurred on the scalp, two on the face and one each on the 
ear, shoulder, arm, forearm, and thigh. In other reports’’®' ®' ® the lesions 
have occurred predominantly above the shoulders with the face and the scalp 
the most common sites. Approximately one-fourth of all benign sebaceous 
cysts removed occur on the scalp.- No basal cell carcinomas of the scalp 
originating in sebaceous cysts have been reported in the literature. 

Only three of our cases are of known duration greater than two years, 
one 25 years and two 15 years, while only three cases are of known duration 
less than 18 months. The relatively long duration of these lesions is apparent. 

TRAUMA, tTLCERATION, PREVIOUS EXCISION 

The influence of trauma or irritation in the malignant change of sebaceous 
cysts has been variably considered of importance®' ’® and of no significance.’’® 
In spite of the frequent appearance of these lesions on the scalp, only one 
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of our cases reported irritation of the lesion on combing the hair, and only 
two others of the entire group reported trauma of any other sort. Probably 
more of these cysts were subject to the trauma of scpieezing than is reported, 
and yet one can find little justification for assuming that trauma is of sig- 
nificance in the carcinomatous change. Onl}^ one of our cases gave a his- 
tory of discharge or ulceration although ulceration in a sebaceous cyst should 
probably be regarded with suspicion.-* ^ Three cases had a previous exci- 
sion within six weeks of treatment at our hospital and one five years pre- 
viously. This does not appear to be a significant factor in the appearance 
of cancer in these cases. 
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PHEOPKRATIVE DIAGNOSIS 

As one miglil suspect, the jireoperative diagnosis was incorrect in the 
majority of cases, and the most common diagnosis was benign sebaceous 
cyst. In only one instance wtis the correct diagnosis of squamous cell car- 
cinoma made although the clinician did not definitely associate the lesion 
with a pre-existing sebaceous cyst. In four other cases tumor of some sort 
was diagnosed. While this is hardly an enviable record, the errors in diag- 
nosis have not appeared to be of great significance in the final result in 
these cases. 
















Fig. 3. — Case i. Metastasis to axillary lymph node showing cells similar in appearance 

to those of the primary tumor, (i/ox) 


PATHOLOGY 

Carcinoma developing in a sebaceous cyst is predominantly of a squamous 
cell type, although basal cell growth may be found in approximately 15 
per cent of cases.*^ However, no basal cell carcinoma of such origin has 
been reported on the scalp although 35 per cent of malignant sebaceous cysts 
have been found in this area. Most of the squamous cell carcinomas are 
well differentiated and of low grade malignancy with marked keratinization 
and pearl formation (Fig. 5). Havens^® briefly records a case in which a 
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;. 4. — Carcinoma in wall of sebaceous cyst with growth into lumen. (8sx) 


Fig. 4 


Case Report No. 1 .— A 44-year-old white male first noted a small pimple on the 
lateral side of the left arm at its mid-portion 18 months before first seen at Barnes 
Hospital. This lesion produced a small amount of blood when squeezed. There was a 
gradual increase in size and finally some pain. On examination the lesion was the size 
of a hickory nut, movable, attached to the skin and not ulcerated. There were no palpable 
lymph nodes. The preoperative diagnosis was sebaceous cyst, but on removal a carcinoma 
was found, apparently originating in a sebaceous cyst and made up of cells with a 
vacuolated cytoplasm and large vesicular nuclei reminiscent of sebaceous gland cells. 
The cells were arranged in cords and compact masses with some attempt at gland 
formation; other areas showed a tendency to squamous cell carcinoma (Fig. 2). 

Ten months later several small but palpable, enlarged nodes were found in the left 
axilla and one enlarged node in the right axilla. There was an apparent increase in size 
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of the left axillary nodes over a two week observation period, so a radical dissection of 
the left axilla and a biopsy of the right axillary node was done. Microscopic examination 
showed the right axillary node to be free of disease but one node from the left axilla was 
almost entirely replaced by carcinoma made up of compact masses of cells similar in 
appearance to those of the primary tumor (Fig. 3), The patient has been followed iiyz 
years with no further difficulty. 

The fiirliier growth of a carcinoma developing in the wall of a sebaceous 
cyst may be predominant!}' inward or outward into the adjacent tissues, and 
we have seen examples of both types of growth (Figs, 4 and 5). Puhr^'* 
found inward growth to be more common in cases collected from the litera- 
ture and Stone and Abbey'^ note that the direction of growth, along with 
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Fig, 5.- — Case 2. Well-differentiated squamous cell carcinoma of wall of sebaceous cyst 
extending into stromal tissue and showing keratinization and pearl formation. (lyox; 


the differentiation of the tumor, may be of importance in the metastatic be- 
havior of the carcinoma. Actually even regional lymph node metastases have 
been rare in the case reports of this type of cancer. Caylor,- Seff and 
Berkowitz^^ and Gregersen^^ report one case each "with generalized metas- 
tases, the case of Gregersen metastasizing to the brain. Two of our cases 
showed regional node metastases, one described above the second briefly 
described here. 
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Case 2.— A 79-year-old white male entered Barnes Hospital complaining of a recur- 
rent lesion of the right ear removed by cautery six weeks previously. The lesion of the 
ear was of iS months duration. Many other face lesions of unknown character had been 
previously removed elsewhere. On examination tiie patient displayed a typical sailor's 
skin in addition to a crusted, ulcerated lesion of the right ear. The jireoperative diagnosis 
was carcinoma, basal cell or squamous cell type. Histologic examination of the specimen 
showed a well-differentiated squamous cell carcinoma originating in the wall of a 
sebaceous cyst (Fig. 5). 

Seven months later the patient returned with an ulcerated, indurated mass below 
the right ear about 5 centimeters in diameter and fixed to the deeper structures. This 
lesion could be only incompletely removed due to fixation to the transverse processes 
of the cervical vertebrae. Aficroscopic examination of this specimen showed a squamous 
cell carcinoma deep in the subcutaneous tissue. Lymphatic permeation was a prominent 
feature of the sections, particularly around nerves and one lymph node showed invasion 
by cancer (Fig. 6a and 6b). 

Within the tissue adjacent to any sebaceous cyst one may, upon occasion, 
find evidence of a foreign body type of reaction, and this has been already 
mentioned as of some differential value in determining the origin of a car- 
cinoma suspected of arising in a sebaceous cj'st. This reaction to the fatty 
products of the cyst is made up of large mononuclear cells, some with a 
foamy cytoplasm due to phagocytized fat, collections of small round cells of 
the lymphocytic type, foreign body giant cells, and a marked fibrosis with 
cholesterol clefts (Fig. i). 


TREATMENT 

It is not recommended that all sebaceous cysts be excised solely because of 
the possibility of malignant change, as this alteration is thought to be too 
rare to justify this treatment. Esthetic reasons constitute a more important 
indication for removal, and the development of a foreign body inflammator}'^ 
reaction may lead to significant scarring and prevent easy excision. How- 
ever, in an individual in the older age group who has an apparent sebaceous 
cyst of long standing, particularly on the face or scalp, with perhaps ulcera- 
tion and particularly with some change in character such as an increase in 
size, a relatively wide excision is indicated because of the possibility of car- 
cinomatous change. A prophylactic regional node dissection is in general 
not indicated as metastases are rare, but treatment should be individualized 
and in an extensive lesion of marked anaplasia immediate removal of the 
regional nodes may be considered. Evidence of regional node metastases 
subsequent to simple local excision should be treated by block excision of 
the lymph nodes. 


PROGNOSIS 

The prognosis in this tumor is good although recurrence may be ex- 
pected if excision is not adequate, and adequate excision depends on a high 
degree of suspicion in presumed sebaceous C3'^sts which demonstrate some of 
the characteristics emphasized above. It has been mentioned in the litera- 
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Fig. 6 A. — Case 2. Perineural lymphatic permeation by metastatic 
squamous cell carcinoma. (145X). 

B. — Case 2. Involvement of peripheral sinus of lymph node by metastatic 
squamous cell carcinoma. (145X). 
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ture“> ^ that recurrence following excision of a sebaceous cyst should arouse 
one’s suspicion regarding its possible malignant nature and indicate a fur- 
ther wide excision. With this we agree, but we believe that it is more im- 
portant to emphasize the necessity for routine microscopic examination of 
all sebaceous cysts removed, a proposition that may well be followed for all 
tissues removed. If this is done, there will be no doubt concerning the 
proper treatment of recurrent lesions. 

Bishop^ knew of no deaths in his ii cases; Collins® found two deaths in 
five cases of Grade III or IV and none in 14 cases of Grade I or II in 
material collected from individual series in which grading had been done. 
Caylor- had one known death with generalized metastases in 12 cases, and 
Seff and Berkowitz^® and Gregersen^® each had one death with generalized 
metastases. Our oAvn follow-up reveals only one uncured patient who had 
unresectable lymph node metastases; nine patients are living and well, two 
and one-half to eleven and one-half )'ears, and one patient died of unrelated 
cause and without recurrence five years after operation. Thus, ten of eleven 
patients with sufficient follow-up have been cured. 

CONCLUSIONS 

1. Fourteen cases of carcinoma were found in 832 sebaceous cysts re- 
moved, an incidence of r.y per cent. This incidence does not justify con- 
sidering sebaceous cyst as a precancerous lesion. 

2. However, in older patients who have had a sebaceous cyst of rela- 
tively long duration on the face or scalp, perhaps ulcerated, and in which 
a recent change in character such as an increase in size has been observed, 
carcinoma should be suspected. 

3. The most common type of cancer found in sebaceous C3’’sts is a well- 
differentiated squamous cell carcinoma of low grade malignancy, and these 
usually have not metastasized when first seen. Basal cell carcinomas occur 
much less frequently. 

4. Sebaceous cysts which are suspected of fostering carcinoma should 
be treated by wide local excision; immediate lymph node dissection is not 
in general necessary although markedly anaplastic growths may justify such 
a procedure. Evidence of lymph node metastasis subsequent to previous 
local excision should be treated by block removal of the nodes. 

5. With adequate treatment the prognosis is good. However, if routine 
histologic examination of all sebaceous cysts removed is not done, adequate 
treatment of a carcinoma may be delayed and a chance for cure may be lost. 

The author is indebted to Dr. Charles Eckert for his review of the histologic material 
and advice in preparation of the manuscript. 
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An opera iTON DESIGNED TO PRODUCE a fulminating rapidly fatal peritonitis 
of intestinal origin was performed on iii dogs. It was necessary to exclude 
1 8 animals from the group because of complications that interfered with the 
experiments such as death from anesthesia, air embolism during intravenous 
therapy, internal fecal fistula, appendiceal avulsion, and hemorrhage. The 
remaining 93 animals were considered satisfactory for the purpose of evalua- 
ting therapeutic agents for the treatment of experimental peritonitis of 
appendiceal origin. 

METHOD 

A method that had previously been developed in this laboratory was used. 
Laparotomy was performed under sodium pentobarbital anesthesia ; the blood 
supply to the appendix was divided and ligated ; feces was expressed into the 
appendix, filling its lumen completely; the base of the appendix was ligated 
with flat cotton tape ^ inch in width ; the appendix was crushed by clamping 
it repeatedly with a large Kocher type hemostat ; the spleen and omentum were 
removed ; the animal was given 60 cc. of castor oil by gavage. A small soft 
rubber tube was placed in the peritoneal cavity and brought out through the 
laparotomy incision. With the use of aseptic precautions peritoneal fluid for 
bacterial cultures was aspirated through this tube which was then removed. 
(Preliminary sampling experiments had revealed definite gross evidence of 
peritonitis and positive bacterial cultures to be uniformly present six hours 
after operation.) 

The tube also served in some experiments as the means for introducing 
intraperitoneal therapy. In such experiments, the tube was left in place until 
the intraperitoneal therapy was discontinued. At the time the tube was 
removed the skin and subcutaneous tissues were sutured to prevent leakage of 
peritoneal fluid through the wound. In most of the animals the tubes func- 
tioned satisfactorily, but occasionally an animal would withdraw the tube before 
the experiment was completed. 

Simultaneous determinations of blood and peritoneal fluid levels of chemo- 
therapeutic agents were made in some experiments in order to determine 

* Submitted for publication May, 1948. 
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concentrations and blood-peritoneal fluid relationships during the period of 
treatment of the infection. The dosage and method of administration of the 
various chemotherapeutic agents used are described separatel}^ with each group 
of experiments. All experimental animals were given parenteral fluids post- 
operatively to maintain adequate water and electrolyte intake. 

Temperature recordings and leucocyte counts were made in the early 
experiments but were not done later as they usually were found to be elevated 
above normal, and this fact did not contribute significantly to the experiment. 
The appearance, illness, toxicity, and the behavior and habitus of the animals 
were found to be more valuable indications of the progress of the infection. 

Autopsies with bacteriologic and pathologic studies were done at once on all 
animals that died. Laparotomies with bacteriologic and pathologic studies 
were performed at weekly intervals on all surviving animals. 

CONTROLS 

Twenty animals served as controls. All became acutely ill, vomited, grew 
progressively lethargic and toxic, became comatose and died. The average 


Tabi.e I. — Experimental Peritonitis 


Untreated Control Series 
(20 animals) 

Organisms Cultured Number of Animals 


Escherichia coli 19 

Proteus vulgaris 2 

Bacterioidcs 2 

Aerobic sporeforming baciilt 1 

Clostridia 15 


Alpha hemolytic streptococcus 3 ] 

Beta hemolytic streptococcus 5 }■ 16 

Streptococcus fecalis 8 j 


Hemolytic staphylococcus aureus 1 | 

Nonhemolytic staphylococcus albus 6 r 10 

Hemolytic staphylococcus albus 3 J 


survival period was 39 hours. Autopsies revealed a diffuse acute inflainmatoiy 
process throughout the peritoneum. The peritoneal cavity contained thin 
sanguineous exudate estimated at from 100 cc. to 1000 cc. Varying amounts of 
fibrinous exudate were deposited about the peritoneal cavity. The appendix 
'yas covered with yellow-green exudate and there was no evidence of localiza- 
tion or of a “walling off” process about the appendix. 

The bacteria cultured from peritoneal fluid in the untreated control animals 
are listed in Table I. The organisms most often found were Clostridia, Strep- 
tococci and Escherichia coli. 


group I. INTRAVENOUS SODIUM SULFADIAZINE 
Five dogs in which appendiceal peritonitis had been produced were treated 
with intravenous sodium sulfadiazine. Therapy was started six hours post- 
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operatively. Each animal received 4.0 Gm, of sodium sulfadiazine twice 
daily with Sodium R Lactate 1/6 M to maintain an alkaline reaction in the 
urine. There was no apparent beneficial effect from sodium sulfadiazine 
therapy. The progress of the infection was identical with that in untreated 
control animals. All died. The average survival period was 44 hours. Table II 
indicates the types of organisms cultured before therapy and at autopsy. 


Tahle II . — Experimental Periiomtis 
Group I. 5 animals. 

Sodium sulfadiazine 4.0 Gm. Riven twice daily, intravenously 

Incidence 


6 llrs. Postop. Necropsy 


Organisms Cultured (3 Dogs) (5 Dogs) 


Escherichia coli 1 4 

Proteus vulgaris 0 2 

Aerobic sporeforming bacillus 1 0 

Clostridia 2 S 

Alpha hemolytic streptococcus 0 2 

Streptococcus fccalis 0 3 

Beta hemolytic streptococcus 0 1 

Gamma streptococcus 1 0 

Nonhemolytic staphylococcus albus 0 2 

Hemolytic staphylococcus albus 1 0 


Table III. — Experimental Peritonitis 
Group I. 

Blood and peritoneal fluid sulfadiazine levels (milligrams per cent) fol- 
lowing the administration of 4.0 Gm. of sodium sulfadiazine intravenously 


Hours Blood Peritoneal Fluid 


0 0 0 

2 24.0 24.0 

4 23.0 23.0 

6 23.0 23.0 

8 23.0 23.0 


Table IV. — In vitro Sulfadiasine Susceptibility 
Group I. 


Organisms Cultured Milligrams Per Cent 


Escherichia coli 8 

Proteus vulgaris 8 

Alpha hemolytic streptococcus — Not susceptible to 10 

Beta hemolytic streptococcus 8 

Gamma streptococcus 8 

Streptococcus fecalis Not susceptible 

Clostridia 

Hemolytic staphylococcus albus 8 

Nonhemolytic staphylococcus albus 8 


The concentrations of sulfadiazine in the blood and peritoneal fluid in this 
group are shown in Table III. 

Table IV indicates the in vitro sulfadiazine susceptibility of the individual 
organisms cultured from these experiments. 
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At autopsy peritoneal fluid sulfadiazine levels were found to vary from 
^4.0 to 182.0 mg. per cent. 

GROUP III. INTRAPEHITONEAL SULEARUXIDINE 

Five dogs in which experimental appendiceal peritonitis had been produced 
were treated with intraperitoneal instillations of sulfasuxidine (i.o Gm. per 
kilogram of body weight) once daily beginning six hours postoperatively. All 
animals died. The course of illness, period of survival (average 40 hours) 
and necropsy findings were similar in every respect to the untreated control 
series. 

Table VII shows the bacteriology in this group of experiments. 

Table VII . — Experimental Peritonitis 
Group III. 5 animals. 


Siilfasuxidine 1.0 Gm. per kg. per day intrapcritoneally 

Incidence 


Organisms Cultured 

6 Urs. Postop. 
(5 dogs) 

I Day Postop. 
(2 dogs) 

Necropsy 
(S dogs) 

Escherichia coli 

... 2 

1 

S 

Proteus vulgaris 


1 


Clostridia 


1 

2 

Streptococcus fecalis 

4 

2 

3 

Staphylococcus aureus. . . 

2 

0 

0 

Staphylococcus albus 

2 

0 

I 

Diphtheroids 



1 


Undissolved sulfasuxidine varying from small to considerable amounts 
was found spread throughout the peritoneal cavity at autopsy. Occasionally 
considerable accumulations of the drug were found to be pocketed in fibrin. 
The concentration of sulfasuxidine in the peritoneal fluid at autopsy was found 
to be from 6.0 to 42.0 mg. per cent (measured as sulfathiazol). Table VIII 
shows increasing sulfasuxidine resistance of the bacterial flora and the con- 
centration of the drug in these experiments. 


Table VIII. — Sulfasuxidine Susceptibility Tests 

Group III. 


6 Hours Postoperatively 

Necropsy 

Escherichia coli 
Proteus vulgaris 

Susceptible 3.12- 6.24 mg.% 

Most susceptible at SO.O mg.% 

Not susceptible at SO.O rag.% 

Clostridia 

Susceptible 0.28-50.0 mg.% 

Not susceptible at 50.0 mg.% 

Streptococcus fecalis 

Most unsus- 
ceptible to SO.O mg.% 

Some not susceptible and some 
susceptible to 50.0 mg.% 

Staphylococcus aureus 
Diphtheroids 

Susceptible 0.25-50.0 mg.% 

Not susceptible at SO.O mg.% 

Not susceptible at SO.O mg.% 


GROUP IV. STREPTOMYCIN 

(iNTRAMUSCUUAKLT BEGINNING SIX HOURS POSTOPERATIVELY) 

Ten dogs in which appendiceal peritonitis had been produced were treated 
with intramuscular injections of streptomycin. Therapy was started six hours 
postoperatively. Each animal received 2 Gm. of streptomycin daily in divided 
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doses of .33 Gm. given inlraniuscularl}^ at four-hour intervals. Two of the 
ten animals recovered from the acute peritonitis under streptomycin therapy, 
but a fecal fistula suddenly developed in one of the animals on the sixth 
postoperative day and it expired the folloAving day. The remaining eight 
animals died with the same acute signs of peritonitis as the controls, but their 
average survival period was 92 hours, as compared to an average survival 
period of 39 hours for the untreated control animals. The only pathogenic 
organisms that were consistently susceptible to the streptomycin in vitro were 
Escherichia coli and they usually persisted in their growth in vivo and were 
found at autopsy. The Strej^tococci and Clostridia were uniformly resistant 
to streptomycin both in vitro and in vivo. 


Taiu.k IX. — llxpcrhncntal Peritonitis 
Group IV. 10 animals. 

Streptomycin 2.0 Gm. daily (..■!.? Gm. intramuscularly every 
4 hours). Started 6 hours postoperativcly 

Incidence 



6 llrs. Postop. 

Necropsy 

OrRanisms CnUnrcd 

(7 dogs) 

(9 dogs) 

Escherichia coli 

0 

9 

Proteus rulRaris 

0 

1 

Hactcrioides 

1 

0 

Aerobic sporeforming bacillus 

1 

1 

Clostridia 

5 

8 

Alpha hemolytic streptococcus 

1 

1 

Beta hemolytic streptococcus 

2 

4 

Gamma streptococcus 

2 

1 

tSlrcpIocciiS fecalis 

1 

2 

Nonhemolytic staphylococcus albus, . . . 

2 

2 

Hemolytic staphylococcus albus 

1 

1 

Hemolytic staphylococcus aureus 

1 

1 


The one streptomycin-treated animal that survived without complications 
was lost inadvertently during induction of anesthesia prior to exploratory 
laparotomy on the seventh postoperative day. Gross examination of the 
peritoneal cavity revealed evidence of subsiding peritonitis. Cultures of the 
peritoneal exudate taken before the streptomycin therapy was started grew 
the usual bacterial flora of the colon. 

Table IX shows the types of organisms cultured from the animals in this 
experiment. 

Table X gives the streptomycin susceptibility of the bacterial organisms 
cultured from the peritoneal cavity prior to treatment of this group of animals 
with streptomycin. 

Table XI shows blood and peritoneal fluid streptomycin concentiations 
following intramuscular administration of streptomycin. 

GBOUP V. STREPTOMYCIN 

(iNTRAMUSCULARY BEGINNING IMMEDIATELY POSTOPERATIVELY) 

Five dogs in which appendiceal peritonitis had been produced were treated 
^'ith streptomycin beginning immediately after operation. Each animal va.= 
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given 2 Gm. of streptomycin daily in divided doses of .33 Gm. intramuscularly 
every four hours. The course of infection in these animals was similar to that 
in the untreated control animals. All died. However, the average survival 
period of these animals treated with streptomycin was 75 hours as compared 
with an average survival period of 39 hours for the untreated control animals. 
Table XII indicates the bacteria cultured in this group of experiments. 


Tahi-f. X. — Experimental Peritonitis 
Group IV. 

Streptomycin susceptibility 

Organisms Units per Cubic Centimeter 


Escherichia coli 1.78-20.0 

Proteus vulRaris 7.1 -80.0 

Bacterioides Not susceptible 

Aerobic sporeforming bacillus 3.0 

Pseudomonas aeruginosa Not susceptible 

Clostridia Not susceptible 

Alpha hemolytic streptococcus Not susceptible 

Beta hemolytic streptococcus 1.3 -28.5 

Gamma streptococcus 3.57 

Streptococcus fecalis Not susceptible 

Non hemolytic staphylococcus albus 14.6 

Hemolytic i/a^'iy/ococcits a/6«s 3.0- 8.0 

Hemolytic staphylococcus aureus 2.0 


Table XI. — Experimental Peritonitis 
Group IV. 


Blood and peritoneal fluid streptomycin concentrations (units 
per cubic centimeter) following the administration of 0.33 Gm. 
of streptomycin intramuscularly 


Hours Blood Peritoneal Fluid 


0 0 0 

1 20 0 

2 40 20 

3 40 20 

4 20 10 


Table XII . — Experimental Peritonitis 
Group V. 5 animals. 

Streptomycin 2.0 Gm. daily (.33 Gm. intramuscularly every 
4 hours) beginning immediately after completion of operation 

Incidence 


6 Hrs. Postop. Necropsy 


Organisms Cultured (4 dogs) (5 dogs) 


Escherichia coli 2 3 

Bacterioides 0 1 

Clostridia 3 4 

Alpha hemolytic streptococcus 0 1 

Beta hemolytic streptococcus 1 0 

Gamma streptococcus 1 0 

Streptococcus fecalis 2 3 

Nonhemolytic staphylococcus albus 2 0 

Nonhemolytic staphylococcus atireus 1 0 

Diphtheroid bacillus 2 0 
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GROUP VI. STREPTOMYCIN INTRAPERITONEALLY 

Ten dogs in which peritonitis was produced were treated with intraperi- 
toneal instillation of streptomycin. Therapy was started six hours postop- 
eratively. 

A. In the first group of five animals, three were given 0.4 Gm, intraperi- 
toneally on two occasions on the day of operation, and 0.4 Gm, daily there- 
after. Two animals were given 0.8 Gm. twice daily on the day of operation, 
and 0.8 Gm, once daily thereafter. All animals died with acute peritonitis. 
The course of illness and autopsy findings were the same as those in the 
untreated control animals. However, the average survival period of the 
animals treated with intraperitoncal streptomycin was 87 hours compared 
with an average survival period of 39 hours for the untreated controls. 

Table XIII shows the hacteriologic findings six hours postoperatively and 
at necropsy in this group of experiments. Additional cultures taken at 22, 30, 
48 and 72 hours postoperatively were similar to those made at necropsies. 


Tahi.e XIII. — Experimental Peritonitis 
Group VI-A 5 animals. 

Streptomycin intrapcritoncally 0.4 to 1.6 Gm. daily 

Incidence 


6 Hrs. Postop. Necropsy 


Organisms Cultvircd (4 dogs) (5 dogs) 


Escherichia coii 2 4 

Clostridia 3 5 

Alpha liemoly tic streptococcus 2 4 

Gamma streptococcus 0 1 

Streptococcus fecalis 1 0 

Nonhemolytic staphylococcus albus 2 1 


B. Up to this point in vitro laboratory tests and animal experiments had 
demonstrated considerable evidence that the pathogenic bacterial flora of 
experimental peritonitis were resistant to streptomycin in concentrations and 
doses that ordinarily would be considered safe to use in therapy of human 
patients. It was decided to attempt to use intraperitoneally doses of strepto- 
mycin that would be more likely (based on in vitro streptomycin susceptibility 
tests) completely to destroy all pathogenic organisms. Four (4-o) Um. of 
streptom3''cin were instilled intraperitoneally in each of five dogs six hours 
aftei completion of the operation to produce experimental peritonitis. All dogs 
died within lo to 30 minutes after either their first or second instillation of 
streptomycin. The average survival period was 12 hours. These deaths 
occuired from respiratory failure due to the toxic effect of streptom3''cin on 
the medullary centers. Blood streptomycin concentration was 160 units per cc, 
10 minutes after intraperitoneal instillation of 4*0 Gm. of streptomycin. 

Bacterial cultures of the peritoneal fluid were taken at necropsy in four 
^ the animals in this group. In three animals the cultures were sterile, 
scherichia coli and Clostridia were cultured from the peritoneal fluid 
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specimen taken at the necropsy of the fourth animal. All animals had gross 
evidence of acute diffuse peritonitis at autopsy. 

Table XIV indicates the bacteriologic findings in this group of experiments. 


Table XIV . — Experimental Perifouitis 
Group VI-B 5 animals. 

Streptomycin intraperitoneally 4.0 Gm. twice daiiy beginninR 
6 liours postoperativciy 

Incidence 

6 Hrs. Postop. Necropsy 
Organisms Cultured (4 dogs) f4 dogs) 

Escherichia coli 3 1 

Clostridia 3 I 

Alpha hemolytic streptococcus 2 0 

Beta hemolytic streptococcus I 0 

Gamma streptococcus 1 0 

Hemolytic staphylococcus aureus 1 0 


GROUP VII. PENICILLIN 

Commercially available penicillin was given intramuscularly in divided 
doses every four hours to three groups of animals. Penicillin therapy was 
started six hours following operations for the production of experimental 
peritonitis of appendiceal origin. Each animal in the first group received 
100,000 units of penicillin per day, the second group 200,000 units of peni- 
cillin per day, and the third group 500,000 units of penicillin per day. All 
animals that survived received treatment for six days. 

A. One out of three animals in the first group (treated with 100,000 units 
of penicillin daily for six days) survived and two died with diffuse peritonitis. 
The course of illness, pathology and bacteriologic cultures in the animals that 
died were similar to those seen in the untreated control animals. The one 
animal that survived had gross pathologic evidence of a subsiding peritonitis 
when examined at exploratory laparotomy on the seventh day. Bacteriologic 
cultures made on that day grew Gamma streptococci and Clostridia. Appar- 
ently the laparotomy reactivated the infection for the animal died five days 
later with acute diffuse peritonitis (no attempt was made to treat this animal 
with penicillin following the exploratory laparotomy). 

B. In the second group (treated with 200,000 units of penicillin daily for 
six days) two animals survived and three died with acute diffuse peritonitis. 
The course of the disease, pathologic and bacteriologic findings in the animals 
that died were similar to those in the untreated control series. The animals 
that survived had positive bacterial cultures and gross evidence of subsiding 
acute peritonitis at exploratory laparotomies performed on the seventh day. 
One survivor died four days after exploratory laparotomy with fulminating 
diffuse peritonitis. The other survivor was examined at necropsy one month 
postoperatively (during this period of one month the animal appeared and 
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behaved like a normal healthy clog) at which time tlie peritoneal cavity con- 
tained a slightly increased amount of peritoneal fluid and minute scattered 
granulations over parietal and visceral peritoneum and the cultures grew 
Escherichia coll. 

C. All the animals in the third group (treated with 500,000 units of peni- 
cillin daily for six days) survived the acute phase of experimentally induced 
peritonitis. At first tltey were acutely ill, but soon all evidence of toxicity and 
illness disappeared. Ex])loratory laparotomies performed on the seventh post- 
operative day revealed evidence of subsiding peritonitis, and bacterial cultures 
grew a mixed bacterial flora. One animal died with fulminating acute diffuse 
peritonitis due to reactivation of the infection at the exploratory laparotomy 
on the seventh day. The other four animals were examined again at laparo- 
tomy on the 30th day when jDositive bacterial cultures were obtained in three 
dogs and all had scattered pin point size granulations throughout the peri- 
toneum. One animal was apparently healthy for two months postoperatively, 
then acute diffuse peritonitis developed (pure culture of Escherichia coli) with 
extensive exudation and necrosis, and the animal died. 

Two months postoperatively exploratory laparotomies on the remaining 
survivors still revealed minute scattered granulations, but the bacterial cultures 
were sterile. The results are summarized in the following table : 


Table XV. — Experhnenial Peril onifis 
Group VII. 13 animals. 


Penicillin (commercial) given intramuscularly in divided doses 


Group 

every 4 hours 
Daily Penicillin Number 
Dosage (units) of Dogs 

Recovered 

Died 

A. 

100,000 

3 

1 

2 

B. 

200,000 

5 

2 

3 

C. 

500,000 

5 

5* 

0 


* One dog died with Escherichia coli peritonitis two months after treatment. 


Table XVI shows the bacteriology in these groups of animals treated with 
commercial penicillin. 

Table XVII shows blood and peritoneal fluid concentrations following the 
administration of 16,667 units of commercially available penicillin intra- 
muscularly, 

GROUP VIII. PENICILLIN AND STREPTOMYCIN THERAPY COMBINED 

Five animals in which peritonitis of appendiceal origin was produced were 
treated with penicillin and streptomycin for six days, beginning six hours 
postoperatively. Each animal received 500,000 units of penicillin and 2.4 Gm. 
of streptomycin daily in divided doses, given at four-hour intervals by intra- 
muscular administration. All five animals in this group suiwived. The findings 
were, almost identical to those in the animals of Group VII-C \vhich were 
treated with 500,000 units of penicillin daily. 
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Tabi.e XVT.- 

-Experimental Peritonitis 

Group VII. 


Bacteriology — commercial penicillin scries 



6 Hours 

7 Days 

Necropsy 

Group A. 100,000 Units Daily 

(.3 dogs) 

(1 dog) 

(2 dogs) 

Escherichia coli 

3 

0 

2 

Pscndomoitas aeruginosa 

0 

0 

1 

Bacterioidcs 

0 

0 

I 

Clostridia 

3 

1 

2 

Alpha streptococcus 

3 

0 

2 

Beta streptococcus 

1 

0 

2 

Gamma streptococcus 

1 

1 

1 

SIreptococcus fecalis 

0 

0 

1 


6 Hours 

7 Days 30 Days 

Necropsy 

Group B. 200.000 Units Daily 

(5 dogs) 

(2 dogs) 1 dog) 

(4 dogs) 

Escherichia coli 

2 

1 1 

2 

Clostridia 

5 

2 0 

3 

.Alpha hemolytic streptococcus .... 

0 

0 0 

1 

Beta hemolytic streptococcus 

1 

0 0 

1 

SIreptococcus fecalis 

4 

2 0 

3 

Staphylococcus albus 

1 

0 0 

0 

Staphvlococcus aureus 

1 

0 0 

0 




Necropsy 


6 Hours 

7 Days 30 Days 

(60 days 

Group C. 500,000 Units Daily 

(5 dogs) 

(5 dogs) (4 dogs) 

1 dog) 

Escherichia coli 

1 

5 3 

1 

Aerobacter aerogencs 

0 

3 0 

0 

Clostridia 

2 

5 2 

0 

Streptococcus fecalis 

0 

4 1 

0 

Beta hemolytic streptococcus 

1 

0 0 

0 

• Gamma streptococcus 

1 

0 0 

0 

Staphylococcus aureus 

1 

0 0 

0 


Taulu XVII. — E.rpcriiiioital Peritonitis 
Group VII. 

Blood and peritoneal fluid concentrations of penicillin (units 
per cubic centimeter) following intramuscular injection of 
16,667 units of penicillin 

Hours Blood Peritoneal Fluid 


0 0 0 

1 1.20 0.62 

2 2.50 1.20 

3 0.62 0.31 

4 0.15 0.31 


Taule XVIII . — Experimental Peritonitis 
Group VTII. 5 animals. 

Penicillin (500.000 units daily) and Streptomycin (2.4 Gm. daily) given intramuscularly 
in divided doses at 4 hour intervals 

Incidence 


. 6 Hours 7 Days 28 Days 

Organisms Cultured (4 dogs) (5 dogs) (1 dog) 


Escherichia coli 

1 

3 

0 

Clostridia 

3 

4 

1 

Streptococcus fecalis 

0 

3 

1 

Nonhemolytic staphylococcus albus 

1 

1 

1 

Diphtheroid bacillus 

1 

0 

0 
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Table XVIII shows organisms cultured in this group of experiments. 

Table XIX shows penicillin and streptomycin susceptibility of organisms 
cultured before therapy, and after seven days of therapy with streptomycin 
and penicillin. 


T,\m.n XIX . — Experimental Peritonitis 
Group YIII. 

Bacterial susceptibility tests. Cultures made from animals rccciviiiR penicillin and streptomycin therapy 

(Units per cubic centimeter) 

6 Hours 7 Days 


Organisms Cultured 

Penicillin 

Streptomycin 

Penicillin 

Streptomycin 

Escherichia coli . . 

25.0 

35.0 

-200.0 

300-600.0 

Clostridia .... 

0.57 

1.05 

12.5-100.0 

17.25-300.0 

Slreptococcus fecalis .. 

0.028 

0.05 

13. 12- 50.0 

9.3 -150.0 

Nonhemolytic staphylococcus albus 

0.57 

1.05 




GROUP IX. PENICILLIN-X (INTRAMUSCULAR) 

Penicillin containing 15 to 25 per cent penicillin-x was given to a group of 
ten animals in which experimental peritonitis of appendiceal origin had been 
produced. Treatment was started six hours after the surgical procedure to 
produce peritonitis. The penicillin-x was given intramuscularly in divided 
doses at four-hour intervals. A total dosage of 100,000 units a day for six days 
was given each animal. Nine animals survived and one expired after living 76 
hours after the onset of peritonitis. All survivors recovered very rapidly from 
the initial acute illness on penicillin-x therapy. Recovery from toxicity and 
letharg)’’ occurred very early, and normal appetite and activity were observed 
during the first few days of treatment in these animals. 

Bacteriologic cultures made from the peritoneal fluid from the animal that 
died grew Escherichia coli, Proteus vulgoris, Bacterioides and an aerobic spore- 
forming Bacillus, all relatively resistant to penicillin-x. Exploratory laparot- 
omies performed seven days postoperatively on the survivors showed evidence 
of a subsiding acute peritonitis, and bacterial cultures made at that time grew 
penicillin-resistant gram negative flora, Clostridia (3 animals) and a penicillin 
resistant streptococcus jecalis (i animal). 

Exploratory laparotomies performed 30 days later revealed no evidence 
of the peritonitis and all bacterial cultures made at this time were sterile. 

Table XX indicates the blood and peritoneal fluid concentrations of peni- 
cillin following intramuscular administration of penicillin-x. 

Table XXI gives the results and bacteriologic findings in this group of 
experiments. 

GROUP X. PENICILLIN-X (iNTRAPERITONEAL) 

Five dogs in which experimental appendiceal peritonitis had been produced 
were treated with intraperitoneal instillations of penicillin containing 15 to 25 
per cent penicillin-x, beginning six hours postoperatively. Each animal 
received 100,000 units of penicillin (with 15 to 25 per cent penicillin-x) twice 
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the first day, and 100,000 units daily thereafter for six days. Two animals 
survived and three died. One died during the course of therapy, one died 
immediately after the cessation of therapy, and the third animal died several 
days after the completion of therapy. 


Tadle XX. — Experimental Peritonitis 
Group IX. 


Blood and peritoneal fluid concentrations of penicillin (units per 
cubic centimeter) followinK intramuscular injections of 16.667 
units of penicillin containing IS to 25 per cent penicillin-x 


Hours Blood Peritoneal Fluid 


0 0 0 

1 2. SO 1.20 

2 2. SO 0.62 

3 2. SO 0.62 

4 0.31 0.62 


Necropsy in the three fatal cases showed a diffuse peritonitis, and 
hacteriologic cultures grew the usual mixed flora from the colon. The animals 
that died were acutely ill and toxic. The two animals that survived were 
examined by exploratory laparotomy two weeks and four weeks postoper- 
atively. Diffuse, extensive granulations up to ^ inch in thickness were found 
throughout the peritoneal cavities of these two animals and bacterial cultures 
revealed persistence of the pathogenic organisms. These two animals were 


Table XXL — Experimental Peritonitis 
Group IX. 10 animals. 

Penicillin (15 to 25 per cent pencillin-x) intramuscularly, 100,000 units daily (16,667 
units every 4 hours) for 6 days 

Incidence 


Organisms Cultured 


6 Hrs. Postop. 7 Days 30 Days 

(8 dogs) (9 dogs) S dogs) 


Escherichia coli 6 S 

Proteus vulgaris 1 2 

Aerobacter aerogenes 0 1 

Pseudomonas aaugiuosa 0 1 

Aerobic sporeforming bacillus 0 1 

Clostridia 8 3 

Alpha hemolytic streptococcus 5 0 

Beta hemolytic streptococcus 2 0 

Streptococcics fecalis 0 1 

Nonhemolytic staphylococcus albus 4 0 

Hemolytic staphylococcus albas 2 0 

D phtheroid bacillus 1 0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


acutely ill at the onset of the peritonitis, but signs of toxicity rapidly decreased 
during intraperitoneal penicillin therapy and their appearance and behavior 
seemed entirely normal at the time of the follow-up exploratory procedures. 

Table XXII shows the results and the bacterial cultures in this group of 
experiments. There was no alteration of penicillin susceptibility in the bacteria 
during the course of intraperitoneal therapy with penicillin-x. 
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Table XXlll shows blood and jH'ritoneai fluid penicillin le\e!s in (his group 
of experiments. 


SO.MMAHY 

Table XXIV snmniarij'es the re.snlts of thc.se experiments in the treatment 
of peritonitis of appendiceal origin in dogs with sulfonamides and antibiotics. 


T.mu.i: XXII. — ILvprnmcmal Pcnfnnitis 
Group X. 5 animals. 

Penicillin (IS to 25 per cent penicillin-x) 100,000 tinits intrapcritone.nlly daily for 6 days 

Incidence 


Organisms Cultured 

6 Honrs 
Postop. 

(8 dogs) 

Necropsy 
(3 dogs) 

15 Days 
(2 dogs) 

30 Days 
(2 dogs) 

Escherichia coU 

5 

3 

2 

2 

Proteus vulcaris 

2 

1 

0 

0 

Clostridia 

5 

3 

2 

2 

Alpha hemolvtic .strcptococcu.s 

► . . . 3 

2 

0 

2 

Beta hemolytic streptococcus 

2 

2 

2 

1 

Gamma streptococcus 

1 

0 

0 

0 

Elreptococcus fecalis 

1 

0 

1 

0 

Nonhemolytic staphylococcus albus 

1 

0 

2 

0 

Hemolytic staphylococcus albus 

2 

2 

0 

0 

Hemolytic staphylococcus aureus 

2 

0 

0 

0 

Diphtheroid bacillus 

1 

0 

0 

0 


Table XXIII . — ExpcrmcniaJ Peritonitis 
Group X. 


Blood and peritoneal fluid concentrations of penicillin (units per 
cubic centimeter) following the intraperitoneal instillation of 
100,000 units of penicillin (15 to 25 per cent penicillin-x) 


Hours Blood Peritoneal Fluid 

0 0 0 

1 19.96 80.00 

2 9.95 80.00 

3 4.99 9.95 

4 1.20 4.99 

10 0 


CONCLUSION 

Fulminating diffuse peritonitis was produced in 93 dogs by dividing the 
vascular supply to the appendix ; ligating the base, and crushing the appendix. 
The omentum and spleen were removed. Twenty untreated control animals 
died with acute diffuse peritonitis from bacterial infection with intestinal 
organisms. The average survival period was 39 hours. 

Sulfonamide therapy with (i) intravenous sodium sulfadiazine (5 dogs). 
(2) intraperitoneal sulfasuxidine (5 dogs), and (3) combined intraperitoneal 
sulfanilamide and intravenous sodium sulfadiazine (5 dogs) apparently had no 
beneficial effect. All died with peritonitis similar to that observed in the 
control animals. However, the survival period in the sulfanilamide-sulfadiazine 
group was prolonged to 80 hours. 
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Streptomycin therapy given intramuscularly (lo dogs) and intraperitoneally 
(5 dogs) apparently prolonged the survival period of dogs with experimental 
appendiceal peritonitis to averages of 75 to 92 hours in 14 out of 15 dogs. One 
animal survived. However, doses of streptomycin that effectively controlled 
the organisms in the peritoneal cavity caused death from the toxic effect of 
streptomycin (apparently on the medullary respiratory center). 

Commercially available penicillin given intramuscularly at four-hour inter- 
vals daily in doses of 100,000 units (3 dogs) 200,000 units (5 dogs) 500,000 
units (5 dogs), and 500,000 units combined with streptomycin 2.4 Gm. was 
definitely beneficial in the treatment of experimental appendiceal peritonitis. 
All animals receiving 500,000 units of penicillin daily survived. 


Table XXIV.- 


-Comparison of Therapeutic Agents for the Treatment of Experimental 
Peritonitis of Appendiceal Origin. 


1 . 

2 . 

3. 


6-A. 

6- B. 

7- A. 
7-B. 
7-C. 
8 . 


10 . 


*Treatment 

Number 
of Dogs 

Recovered 

Died 

Average 

Survival 

Hours 

Controls — untreated 

20 

0 

20 

39 

Sulfadiazine 4 Gm. twice daily intravenously 

... . 5 

0 

5 

44 

SulfadiEizine 4 Gm. twice daily intravenously and 
Sulfanilamide 5 Gm. intraperitoneally 

5 

0 

5 

80 

Sulfasuxidine intraperitoneally 

5 

0 

5 

40 

1.0 Gm. per kilogram of body weight daily 
Streptomycin Intramuscularly, 2.0 Gm. daily 

10 

I 

9 

92 

(started 6 hours postoperatively) 

Streptomycin intramuscularly, 2.0 Gm. daily 


0 

5 

75 

(started immediately postoperatively) 

Streptomycin intraperitoneally 

5 

0 

5 

87 

0.4 to 1.6 Gm. daily 

Streptomycin intraperitoneally 4.0 Gm. daily 


0 

5 

12 

Penicillin intramuscularly 100,000 units daily 

3 

1 

2 

37 

Penicillin intramuscularly 200,000 units daily 

. . . . 5 

2 

3 

65 

Penicillin intramuscularly 500,000 units daily 

5 

5 

0 


Penicillin intramuscularly 500,000 units daily, and 
Streptomycin intramuscularly 2.4 Gm. daily 


5 

0 


Penicillin-x (IS to 25 per cent) intramuscularly 

10 

9 

1 

76 

100,000 units daily > 

Penicillin-x (15 to 25 per cent) intraperitoneally 

5 

2 

3 

135 


All therapy was begun 6 hours postoperatively unless otherwise specifically designated. All intramuscular 
therapy was given in equally divided doses at four-hour intervals. 


Penicillin containing 15 to 25 per cent penicillin-x in doses of 100,000 units 
daily intramuscularly (10 dogs), and intraperitoneally (5 dogs) was effective 
in the treatment of experimental appendiceal peritonitis. Nine out of 10 
animals treated intramuscularly, and 2 out of 5 animals treated intraperi- 
toneally with penicillin-x recovered. 
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GIANT CELL TUMOR OF THE SACRUM: A CASE REPORT*! 

Ralph F. Bowers, M,D, 

Memphis, Tehx. 

SURGICAL SERVICE, VETERANS ADMINISTRATION MEDICAL TEACHING GROUP. 

KENNEDY HOSPITAL. MEMPHIS, TENNESSEE 

CASE HISTORY 

This 29-year-old white male was admitted to the hospital November 7, 1945. In 
April, 1945, he fell from a truck in England. No pertinent injury was sustained, but 
one week later there appeared pain in the lower back in the sacral region. One month 
later he noticed slight swelling in that region. Patient has not noted exaggeration of 
the pain by motion of the trunk, but states it is accentuated by prolonged sitting. During 
the past 3 to 4 months he has noted numbness in the posterior aspect of the left leg. 
There has been approximately 40 pounds weight loss with illness. 

Roentgenograms taken on September 15, 1945, revealed a marked osteolytic process 
involving the distal four sacral segments and the coccj'x. It was noted that the neoplasm 
had broken through the cortices in numerous places and had infiltrated the pre- and 
post-sacral soft tissues, resulting in a grapefruit- sized mass, most of which was in 
the pelvis. 

Physical examination revealed a well-developed, undernourished, white male in no 
distress. Findings are limited to lower back and rectum. There is a large ovoid pulsating 
swelling which is located centrally in the region of the sacrum. Over the mass are many 
dilated blood vessels. Slight tenderness to palpation is present. Motion of the back 
does not accentuate the discomfort. Knee jerks are hyperactive bilaterally with absent 
ankle jerks. Area of hypesthesia involves the posterior aspect of the left thigh. Heart 
and lungs are normal. 

Rectal examination reveals a protrusion of the sacral mass against the rectal wall 
which displaces the rectum anteriorly. Pulsation can be felt by examining finger. The 
outline is smooth, edge circumscribed, and no invasive tendencies are noted. Auscultation 
reveals no bruit. There is no thrill. Blood pressure: 130/80. R.B.C.: 4,350,000. Hemo- 
globin: 85 per cent. W.B.C. : 7>400. Coagulation time: 3 minutes. Bleeding time: 
minutes. Urine: negative. 

Roentgen-ray report; The entire sacrum with the exception of its proximal end is 
destroyed, replaced and expanded in all diameters with a thin shell of subperiosteal new 
bone remaining irregularly distributed over the surface of the tumor and a few strands 
of bone remaining with it. The coccyx is partially destroyed. 

DISCUSSION 

Differential diagnosis involved consideration of either a pulsating tumor 
or aneur5^sm. Aneurysm could be readily eliminated because of the position 
where its presence would be rare, the fact that there was no thrill, bruit, or 
murmur, and the presence of the bony lacework in the tumor as viewed by 
roentgen-ray. The type of pulsation was definitely expansile. The question 
naturally arose as to whether or not the pulsation was a transmitted one. 
Rectal examination with bimanual palpation revealed the extent of pulsation 

* Published with permission of the Medical Director, Veterans Administration, who 
assumes no responsibility for the opinions e.xpressed or the conclusions drawn by 
the author. 

t Submitted for publication April, 1948. 
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to be the same, as near as one could tell, in the intrapelvic portion of the mass 
as in that portion located just beneath the skin. Finally, there was no history 
of the usual etiologic factors such as significant trauma, syphilis, operation or 
congenital nature. Perhaps of great importance was the fact that there seemed 
to be substance in the wall of the pulsating mass at every point accessible to 
the examining hand or finger. 

Our attention was now given to the type of tumor. Tumors in this region 
are rare. They include chordomas, dermoids, ependymomas, teratomas, 
Ewing’s tumor, giant cell tumor, neuro- and fibro-sarcomata. Of this group of 



Fig. I. — Preoperative X-ra}’' of giant cell tumor. 


possibilities, teratomas, dermoids, and neuro-fibromas usually arise from the 
ventral surface of the sacrum and seldom destroy that bone. Chordomas and 
ependymomas do not pulsate as a rule, and rarely is pulsation observed in a 
fibrosarcoma. Therefore, if neoplasm is the cause of the pulsating mass, it 
appears that the benign giant cell tumor or the malignant Ewing’s tumor must 
be the responsible type. Rectal findings disclosed circumscription and slight 
mobility of the tumor, characteristics which suggested benignity. Aspiration 
Inopsy was deemed inadvisable due to the pulsating nature of this tumor and 
possible subsequent intraneoplastic hemorrhage. However, it was accomplished 
and the tumor proven to be of the benign giant cell type. 

The choice of a method for treatment was a serious matter. One fact seems 
to be clear in the minds of competent bone tumor students. Benign giant cell 
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tumors^’ ■*’ ® can be treated either b)' radiation or surgery independently, 

but the combination of radiation therapy and surgery produces poor results. 
The advocates of both forms of therapy insist that if their method is chosen, 
it must be adequately and completely employed. Geschickter and Copeland^^ 
feel that “Surgery is the treatment of choice for giant cell tumors in general, 
and make no exception for pulsating giant cell tumors." Herendeen'’ is of the 
opinion that radiation successfull)'^ handles giant cell tumor in the majority of 
cases. Anticipating that this tumor may not be completely removed by 
surgical extirpation and realizing the attending dangers of surgical removal. 



Fig. 2. — Postopei ative X-ray of pelvis. 


several radiotherapists were consulted in the matter. Each was hesitant, due 
to the pulsating nature of the neoplasm and fear that too much radiation would 
be necessary regardless of the division into numerous small doses, which would 
result in skin necrosis and probably alarming hemorrhage. Some questioned 
the ability of radiation to completely destroy the tumor and others felt that 
the resulting fibrosis of the skin and rectal wall would be deleterious, and one 
was concerned with the possibility of rectal fistulae. With these unenthusiastic 
remarks in favor of radiation in mind, we considered the surgical attack as 
the method from rvhich the best result could be achieved. It meant sacrifice of 
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sacral segments II, III, IV, V, the coccyx, and all the sacral nerves below Si 
or Sn. We felt this not to be untenable even though it meant partial or com- 
plete paralysis of the bladder and rectal sphincters. But the ability of the 
surgeon to completely control hemorrhage and at the same time completely 
remove the tumor presented a hazardous prolilem. 

Therefore, consideration for a surgical attack upon the tumor was at 
hand. The benignity of the tumor led us to postulate that if the tumor could 
lie freed from its posterior attachments and the blood supply controlled, that 
it would be a relatively simple matter to establish a cleavage line and dissect 



Fig. 5. — Superior surface of giant cell tumor. 


it free of the rectum. If the tumor arose from the sacrum, the blood supply 
could be assumed to be dependent upon the middle or lateral sacral vessels 
and the hypogastric arteries. Hope for controlling these vessels posteriorly 
was A^ain. 

Operations. On November 20, 1945, the first operation was done with the patient in 
the prone position. An elliptical incision was made in the skin at the projected lateral and 
longitudinal margins of the tumor. This was made slowly, because of profusion of 
subcutaneous blood vessels which were clamped and ligated with fine black silk. The 
lateral flaps were reflected with the same vascular difficulty. This exposed the fascia of 
the gluteus maximus muscle, the pre-sacral fascia and the pre-coccygeal fascia. The next 
excursion entailed the incision of these fasciae, encountering a greater number of blood 
vessels than in the subcutaneous tissue. When this was completed, the pulsating tumor 
arose from its bed and the pulsations were more pronounced. At the coccygeal end of 
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the mass, we were able to define a cleavage line for attempted dissection from the 
rectum, but the vascularity was so great that after 5 hours of total operating time, the 
procedure was abandoned and the skin closed with interrupted silk sutures. Two 500 cc. 
blood transfusions were given while the patient was in the operating room. 

The patient recovered rapidly from this major attempt at posterior removal. 

The location of the tumor was again considered in relation to its main blood supply 
which, we now correctly conjectured, must be in the hypogastric artery or one of its 
branches. Therefore, it was deemed wise to explore the tumor by laparotomy to deter- 
mine the source and possibility of controlling the blood supplj\ 

On December 4, 1945, a left rectus incision was made near the midline. When the 
peritoneal cavity was opened and small intestines displaced into the upper abdomen, 
the large tumor could be seen to be residing in the space behind the sigmoid, which 



Fig. 6. — The sectioned giant cell tumor. 


pushed this bowel anteriorly to the level of the anterior peritoneum. The common iliac 
vessels were exposed and wdien occluded, cessation of the pulsations in the tumor was 
observed. The hypogastric vessels were huge and could be seen entering the growth 
about one inch distal to their exit from the common iliac artery. Occlusion of these 
vessels also completely stopped the pulsation. The hypogastric vessels were now doubly 
ligated and transected. Although the pulsations had ceased, our experience posteriorly 
in the first operation had commanded great respect for the vascularity of this tumor, 
and to prevent any chance of collateral supply from the arteries below the hypogastric, 
both common iliac arteries were occluded with umbilical tapes. The laparotomy wound 
was closed with through and through silver wire sutures and the patient was placed 
m the prone position. The old posterior wound was now reopened and the cleavage 
plane at the coccygeal end reestablished. With great ease and little bleeding, we were 
able to incise the gluteus maximus muscle and then by dissecting under the tumor, 
freed the tumor from the rectum, sigmoid, and a few lateral muscular attachments. 
Now the tumor was attached only to the inferior border of the first sacral vertebra. By 
chiselling across the substance of good bone, the removal was completed. The tumor 
was torn in one area during the chiselling process. The bone was finally debrided of 
Its neoplastic invasion by rongeuring. Very little bleeding accompanied this removal. 
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The rectal wall was not injured. The skin was closed loosely with drainage of the huge 
dead space. During the dissection an attempt was made to save as many of the sacral 
nerves as possible. The first sacral nerves were intact, but tlic remainder were 
necessarily sacrificed. 

The patient was again placed in position for laparotomy, the wires removed, exposure 
regained, and the tapes removed from both common iliac vessels. The tapes had been 
left in place for 2 hours and 45 minutes. The al)dominal wall was closed in layers with 



Fig. 7 . — Healed posterior wound. 


silk, and the patient returned to the waid in good condition. Dorsalis pedis and 
posterior tibial arteries were pulsating after the tapes were removed, and have functioned 
properly ever since. 

Microscopic section showed this to be an extremely vascular but typical benign giant 
cell tumor with areas of bony tissue scattered throughout its substance. 

Course. A retention catheter was placed immediately following the operation. An 
examination of the rectal sphincter revealed a total lack of sphincter tone. From the 
interruption of the pre-sacral nerve and lower sacral nerves, urinary and rectal inconti- 
nence were expected. The patient experienced a smooth postoperative course. The 
laparotomy wound healed per primam, but the sacral wound separated, the dead space 
granulated to the skin level, and this area M^as finally healed by Thiersch grafting in 
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CHOLEDOCHUS CYST ASSOCIATED WITH CONGENITAL 
ATRESIA OF THE BILE DUCTS* 

(report of a case) 

Charles B. Ripstein, M.D., F.R.C.S.(C). 

AND 

G. Gavin Miller, M.D., F.B.C.S.(C). 

Mojttrkat.. P. Q. 


FROM THE DEPARTMENT OF SURGERY, ROYAL VICTORIA HOSPITAL 
AND MCGILL UNIVERSITY, MONTREAL, QUE. 

Choledochus cyst is a rare anomaly of the biliary tract, approximately 
180 authentic cases having been reported to date. The literature has been 
thoroughly reviewed in recent 3-ears by Smith, Shallow, Eger and Waggoner® 
and McLaughlin.^ 

Many authors have advanced theories to explain the etiology of this 
condition. The siinjilest and most wideE accepted is that of Yotuyanagi® who 
considers these C3^sts to be congenital anomalies due to maldevelopment of the 
biliary tube in the eighth week of fetal life. At this stage the common duct 
recanalizes from a solid cord of epithelial cells, and abnormalities may lead to 
atresia or c}^stic areas. Such a theoiy places the etiology of this condition on 
the same basis as that suggested by Bremer^ for duplication of the bowel. In 
the latter condition areas of atresia and cysts are sometimes present in the 
same intestine.-® 

It is rather surprising that co-existing choledochus cyst and bile duct 
atresia has not been reported previousl3% but a search of the literature fails 
to reveal such a case. In several instances obliteration of the common bile duct 
below the cyst has been present. In none of these was there any reason to 
believe the obstruction a congenital atresia since in all cases there was a pro- 
longed period during which the patient was free from jaundice. Shallow, Eger 
and Waggoner® consider these to be cases of congenital stenosis with subse- 
quent inflammatory obliteration of the duct. 

The following case is believed to be unique in that a cyst of the common 
bile duct was associated with congenital atresia of both hepatic and common 
bile ducts. 


CASE REPORT 

L. J., a female infant age 4 months, was admitted to the Royal Victoria Hospital 
April 14, 1948. The mother stated that the child had been jaundiced since birth and 
that she had passed white stools from the first bowel movement. There had been some 
variation in the intensity of the jaundice from day to day. 

On admission the child was afebrile. There was moderate icterus of the skin and 
sclerae but the baby was in good condition and well nourished. Physical examination 
showed the liver to be moderately enlar ged, but no other abdominal masses could be 

* Submitted for publication, June 1948. 

1173 



RIPSTEIN AND MILLER 


Annals of Surgery 
December, 10 4 8 




Fig. 2. — Photograph of specimen. 


palpated. LahOratorj' investigation re- 
vealed the following data; 

1. Fatlier, mother and child were all 
blood group O, Rh positive. 

2. Blood Wassermann negative. 

3. The urine consistently contained 
bile and the faeces showed traces of urobili- 
nogen and bilirubin. 

4. Blood chemistry — 


NPN 

24.7 mg.% 

Total protein 

S.71 Gm.% 

Albumen 

4.1 Gm.% 

Globulin 

1. 6 1 Gm.% 

Alkaline phosphaton 

50.4 units 

Bilirubin — Direct 

5-7 

Indirect 

7.6 

D/I 

75% 

Cephalin cholesterol 

Negative 

Thymol turbidity 

1.4 

Thymol flocculation 

Negative 


5. Haemogram normal. Prothrombin time 20 sec. (100% of normal). 

These findings were interpreted as indicating an extrahepatic obstructive jaundice 
and the differential diagnoses considered were, congenital atresia of the bile ducts, 
obstruction of the common duct due to inspissated mucus, and choledochus cyst. Lapa- 
rotomy was performed May i, 1948, under intratracheal ether anesthesia (Fig. i). On 
opening the abdomen the liver presented into the wound. It was markedly enlarged and 
green in colour. A gallbladder was present, and aspiration of it yielded colorless mucus 
and no bile. The peritoneum overlying the common duct was divided and a cyst-like 
swelling 2 cm. in diameter was seen replacing the lower end of the duct. Aspiration of 
this again showed mucus but no bile. Saline was injected into the gallbladder and this 
caused filling of the cyst. Further dissection revealed a normal cystic duct communicating 
with the common bile duct just above the cyst but the common hepatic duct was repre- 
sented by a fibrous cord with no lumen (Fig. 2). The cyst was removed to obtain better 
exposure and in doing so the duodenum was inadvertently opened, making it impossible 
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Fig. 3. Section through cyst wall showing laminated fibrous tissue and nc 
. epithelium. 

Fig. 4. Section through common bile duct with no evidence of lumen. 
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to demonstrate whether or not a communication had previously existed between it and 
the cyst. An attempt was made to obtain bile by aspiration of the atretic hepatic ducts 
but this was unsuccessful. The condition was considered to be inoperable. The cyst and 
gallbladder were removed and the abdomen was closed. The postoperative course was 
complicated by peritonitis, and the child died two weeks after laparotomy. Autopsy 
revealed that the intra-hepatic bile ducts were not completely atretic, but their walls were 
thickened and their lumens very small in diameter (Fig. 5). 

Pathologic Report. (Dr. T. R. Waugh). The specimen consists of a gallbladder 



Fig. 5.— Section through the common hepatic duct. The lumen is small and contains bile. 
The wall is thickened and hypertrophied. 


5 cm. in length terminating in a narrow cystic duct which passes into a short segment of 
common duct 1.8 cm. in length. The serosal surface is pearly gray, smooth and glistening 
and covered with a few fibrous tags. The lumen of the gallbladder is patent and empty. 
Both hepatic and common ducts are without lumens consisting of flattened tough fibrous 
tissue. 

There is also a detached roughly spherical unilocular cyst 1.8 cm. in diameter. 
The wall is thin, white, smooth and fibrous. 

Microscopic examination of the gallbladder shows the mucosa intact. Numerous 
Rokitansky-Aschoff sinuses are present and the muscularis is thick with occasional foci 
of lymphocytes in the lamina propria. 

Sections of the cyst show it to consist of dense fibrous connective tissue arranged as 
parallel collagenous strands (Fig. 3). The inner surface lacks an epithelial lining. 
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Sections from the distal portion of the specimen reveal no evidence of a lumen in 
either the hepatic or common bile ducts (Fig. 4), 

Diagnosis. Simple cyst— common bile duct. 

Atresia of hepatic and common bile ducts. 

SUMMARY 

1. A case of choledochus C3fst associated with congenital atresia of the bile 
ducts is reported. 

This is believed to be the first time that such a finding has been recorded 
in the literature. 

2. The coincidence indicates that the etiology of both conditions may be 
due to abnormalities in the development of the bile ducts during recanalization 
of the solid stage which occurs in the 8 th week of fetal life. 
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TRAUMATIC RUPTURE OF THE CHOLEDOCHUS, ASSOCIATED 
WITH AN ACUTE HEMORRHAGIC PANCREATITIS 
AND A BILE PERITONITIS* 

N. Frederick Hicken, M.D.* and 
Vernon L. Stevenson, M.D. 

Salt Lakh City, Utah 

FROM THE SURGICAL SERVICES OF THE UNIVERSITY OF UTAH MEDICAL SCHOOL 
AND THE LATTER DAY SAINTS HOSPITAL 

Traumatic rupturk of the common bile duct occurs very infre- 
quentty and is usually fatal liecause of concomittant injuries to the liver, 
pancreas, spleen and the intestinal tract. Invariably liberation of the bile 
into the peritoneal cavity results in a biliary peritonitis, with its attendant 
distention, toxicity, and malnutrition. The accumulated biliary ascites in- 
creases the intra-abdominal pressure, elevates the diaphragm, and inhibits 
the use of the abdominal muscles, so that the process of respiration is very 
inadequate and thereby conducive to a serious state of generalized anoxia. 
These altered physiologic conditions portend an unfavorable prognosis unless 
they can be corrected by surgical intervention. 

ETIOLOGY 

Traumatic rupture of the extrahepatic biliary system is usually produced 
by direct force. It may be of a penetrative nature as incurred in gun shot 
wounds, or compressive as encountered in crushing injuries. Violent com- 
pression of the anterior abdominal wall against the lumbar vertebrae may 
lacerate or cause an avulsion of the common bile duct. 

Case History. — H. G., a white boj', 7 years of age, entered the Latter Day Saints 
Hospital on May 6, 1947, because of an intense jaundice associated with distention, 
persistent vomiting, dehydration, and anoxia. The week before he had received a com- 
pressive injury to his abdomen, when a tractor crushed him against a manure spreader. 
The “hitch” on the tractor had struck him above and to the right of the umbilicus, forcing 
the impinged viscera against the vertebrae. 

He was taken to a local hospital where he was treated for mild shock and then 
dismissed. Four days later he was readmitted to this hospital because of an intense 
paraumbilical pain whigh radiated to the right shoulder. Nausea, vomiting, dehydration 
and jaundice progressively increased during the next 72 hours, his condition became so 
serious that he was transferred to the Latter Day Saints Hospital. 

The boy’s acute illness was evidenced by a temperature of 104.8 F., a respiratory 
rate of 62, and a pulse rate of 186. His abdomen was so distended that breathing was 
most laborious and superficial. A bilateral pleural effusion, abdominal ascites, jaundice, 
and an intense acidosis added to the gravity of his condition. 

Emergency treatment consisted of oxygen therapy, gastric decompression, and the 
intravenous administration of electrolytes, protein hydrolysates, whole blood, and blood 
plasma. Continuous penicillin therapy was instituted. An abdominal paracentesis recov- 
ered 3>ooo cc. of a clear golden-colored bile, cultures of which were negative for bacterial 

* Submitted for publication, April 1948. 
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contamination. Laboratory studies resulted in the following data: 2,800,000 RBC, 64 
per cent hemoglobin, 18,200 WBC, with a differential polymorphonuclear count of 88 
per cent. The icteric index was 76, The urine contained 4 plus bile, 3 plus acetone bodies, 
and 2 plus albumin. The stools were acholic. The prothrombin time was 46 seconds. 
The total plasma proteins were 4.8 Gm. ; serum globulin 1.8 Gm. ; serum albumin 3 Gm. 

After 4 days of intensive preoperative preparation the abdomen was opened under a 
balanced anesthesia consisting of cyclopropane and curare. Twenty-three hundred cubic 



L. ... ' - 

Fig. I. — A drawing showing conditions found at the time of operation. 
The traumatic laceration of the posteromedial wall of the choledochus was 
situated so the bile could drain into the lesser omental sac. Note the 
multiple lacerations of the pancreas. 


centimeters of normal-appearing bile was aspirated from the abdominal cavity. The 
stomach and colon were elevated and pushed forward by a large fluctuating mass. The 
tumefaction proved to be 2100 cc. of bile, which had become loculated within the lesser 
omental cavity. There was no gross evidence of injury to the liver and both the gall- 
bladder and cystic duct were collapsed, but otherwise normal. 

How had the bile gained access to the peritoneal cavity ? In order to answer this 
question 50 cc. of a solution of 70 per cent diodrast was injected into the collapsed gall- 
bladder, and a visualizing cholangiogram was taken. The gallbladder, cystic duct, common 

1179 



HICKEN AND STEVENSON 


Annals of Surnery 
December, 19 4 8 


hepatic duct, and the upper segment of the choledochus were clearly visualized. None of 
the contrast medium was able to pass through the ampulla of Vater, indicating that the 
edematous pancreas had produced a compressive occlusion of the ampullary orifice. In 
the upper third of the choledochus a small stream of diodrast was seen to penetrate the 
ductal wall and escape into the lesser omental cavity. The extravasated diodrast localized 
the laceration as being on the posteromedial wall of the common bile duct. (Fig. i). 




Fig. 2. — postoperative cholangiogram obtained by injecting 54 cc. of 
solution of 70 per cent diodrast into the cholecystostomy tube. Note that 
gallbladder, cystic duct, common hepatic duct, and proximal portion of the 
choledochus are well visualized. The contrast medium, however, was unable 
to pass through the ampulla of Vater because of concentric compression of the 
edematous and traumatized pancreas. 



These operative cholangiograms presented several important findings; (i) The lacer- 
ation was situated on the posteromedial wall of the common bile duct so that the bile 
escaped into the lesser omental cavity; (2) a traumatic pancreatitis had further com- 
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plicated the problem by effecting a complete occlusion of the ampulla of Vater; and 
(3) the gallbladder and cystic duct were both patent and could be used to decompress 
the common hepatic bile duct while the obstructive pancreatitis was subsiding. A decom- 
pressive cholecystostomy was accomplished by inserting a large rubber catheter into 
the gallbladder and bringing it out through a stab wound. A large Penrose drain was 
placed in the foramen of Winslow so as to drain the bile from the lesser omental bursa. 
No attempt was made to suture the traumatized choledochus. 



, 3. — A postoperative cholangiograra made several days later. Observe 

Ki ^ contrast medium now flows into the duodenum, and that the gall- 
bladder, cystic duct, and choledochus are no longer dilated. The pancreatitis 
nas not completely subsided for the “thread like pattern” indicates a narrow- 
ing of the ampullary segment of the common bile duct. 

Supportive therapy consisted of the administration of whole blood, blood plasma, 
protein hydrolysates, vitamins and electrolytes in sufficient quantities to maintain a 
positive balance. On the fifth postoperative day an additional 1,500 cc. of bile was 
removed from the peritoneal cavity by an abdominal paracentesis, in spite of the fact 
t ere had been a copious flow of bile from the cholecystostomy tube. A postoperative 
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cliolangiogram was obtained by introducing 54 cc. of diodrast into the gallbladder, through 
the cholecystostomy tube. The entire extrahepatic biliary system was clearly visualized. 
Apparently the rent of the common bile duct had completely healed for none of the 
diodrast escaped into the lesser omental cavitj'- The ampulla of Vater, nevertheless, was 
still obstructed, indicating the necessity for continued decompression. (Fig. 2) 

One week later, another series of cholangiograms were made and they demonstrated 
a complete functional recovery of the choledochus. The laceration had been repaired 
and the obstructive pancreatitis had subsided sufficiently to permit the diodrast to pass 
down the common bile duct into the duodenum (Fig. 3). There was no further need for 
decompression of the common bile duct hence the drainage tube was removed. Ten 
months have elapsed since the injury and his recovery has been most pleasing as 
evidenced by a gain of 15 pounds in weight. 

DISCUSSION 

Spontaneous or traumatic rupture of the extrahepatic biliary system in- 
variably results in a troublesome bile peritonitis. The bile salts and acids 
evoke a mild inflammator\' irritation of the peritoneum and omentum, but 
unless there is a concomittant bacterial infection the inflammator}’- reactions 
are minimal. It was interesting to note that 8,900 cc. of bile was removed 
from this youngster’s peritoneal cavity but no inflammatory exudate was en- 
countered at the primai'y operation. The appearance of jaundice usually 
coincides with the onset of toxic s3'mptoms. According to Harkins, Har- 
mon and Judkins,- a secondary bacterial infection can and does enhance the 
toxicity of the biliary peritonitis. 

This case demonstrates the fact that lacerations of the choledochal wall 
will heal spontaneously if the intraductal pressure can be maintained at a 
low level by continuous decompression. This is verified by the rapidity with 
which the choledochus heals after drainage tubes are removed. It is impera- 
tive, however, that the external decompression be maintained until there has 
been a complete reparation of the ductal wall, and until the patenc}'^ of the 
ampulla of Vater had been confirmed."’ Such information can be obtained 
by serial cholangiographic studies. 

It is a common belief that if pancreatic ferments are activated by bile 
salts, autodigestion of surrounding tissues occurs. It is significant, however, 
that this patient had multiple lacerations of the pancreas, which were severe 
enough to produce hemorrhagic changes within the pancreas itself, yet there 
were no signs of tissue digestion around the pancreas, in spite of the pres- 
ence of extravasated bile. Careful examination failed to show any evidence 
of saponification of adipose tissues. Apparently this fermentative autolysis 
occurs only when dead or devitalized tissues are present, as normal tissues 
are able to withstand the digestive actions of these combined ferments. This 
supposition agrees with the observations of Dragstedt, Haymond, and Ellis.^ 

SUMMARY 

1. Traumatic rupture of the common bile duct may be produced bv in- 
juries that are either penetrating or compressive in nature. 

2. A bile peritonitis results from the extravasation of bile into the peri- 
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toneal cavity. A total of 8,900 cc. of bile was aspirated from the abdominal 
cavity of a seven-year-old boy, as described in this paper. 

3. Lacerations or rents of the extrahepatic biliary system can be quickly 
and accurately localized by means of operative cholangiograms. These “radio- 
graphic blueprints” provide the surgeon with an accurate visual pattern of 
the reconstructive problem which confronts him. 

4. A case is presented wherein a traumatic rupture of the postero- 
medial wall of the common bile duct occurred, permitting the extravasation 
of bile into the lesser and greater peritoneal cavities. The bile peritonitis 
was aggravated by a concomittant acute pancreatitis which complete^ oc- 
cluded the ampulla of Vater, thereby compelling all the bile to escape through 
the lacerative opening. 

5. This case demonstrates that lacerations of the choledochal wall will 
heal spontaneously providing the extrahepatic ductal system is kept decom- 
pressed by external drainage. The decompressive tubes should be left in 
situ until serial cholangiograms demonstrate that the ductal defect has been 
completely healed and that the associated pancreatitis has subsided suffi- 
cientV to permit the free passage of bile through the ampulla of Vater into 
the duodenum, 
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MULTIPLE CARCINOMAS OF THE STOMACH* 
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DR. LOUjS C. KRESS, DIRECTOR 

While multiple malignancies of the gastro-intestinal tract are second 
in frequency to skin lesions,^ multiple malignant neoplasms of the stomach 
are comparatively rare. Warren and Gates, ^ in 1932, in a review of the 
literature, reported 25 primary multiple stomach malignancies. Brindley, 
Dockerty and Gra}'^ reported 23 multiple malignancies of the stomach among 
1,184 carcinomas of the stomach seen at the Mayo Clinic between 1932 and 
1941, and ‘they add an additional one with four carcinomas of the stomach. 
HellendalF and Rickies^ each reported one case, tlie latter having one with 
5 individual carcinomas. 

Perhaps heredity, congenital anomalies or hormonal influences play a role 
in multiple carcinomas.® Rhoads'' states that studies in recent years provide 
evidence that cancer may be a local manifestation of a general disease. This 
may explain in part the frequency of primary multiple tumors. 

Warren and Gates' noted that multiple cancers occur at approximately 
the same age as single ones and that they occur more frequently than can be 
explained on chance alone. They make use of the following criteria in 
evaluating multiplicity : 

1. Each of the tumors must present a definite picture of malignancy. 

2. Each must be distinct and the probability of one being a metastasis of 
the other eliminated. 

They also feel that as long as the tumors are clearly independent, their 
location relative to one another is immaterial. In their series of 1,078 cancer 
autopsies, the frequency of primary multiple tumors was 3.7 per cent, whereas 
on the basis of all statistics, the frequency is 1.84 per cent of cancer cases. 
(The question of immunity or a predisposition to multiple tumors is still 
debatable.) 

The occurrence of three cases with primary multiple carcinomas of the 
stomach from 1943-1947 in one institution is rare indeed, and hence we are 
presenting these cases. 


CASE REPORTS 

Case 1 . — H. M., a 46-year-old white male, was seen May 19, 1947, and stated that 
he had been treated for about 15 years for anemia. About one year ago, began having 
pain in the left upper quadrant; 7 months history of loss of appetite; 10 days ago had a 
vomiting spell with coffee -ground material present. Weight loss 30 lbs. 

* Submitted for publication June, 1948. 
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Had roentgenograms elsewhere, June 1946, wliich were apparently negative. Had 
repeat roentgenograms, January 1947, when a large, ulcerating lesion was noted in the 
pre-pyloric region of the stomach with surrounding filling defect and fixation. Diagnosis 
of a massive, ulcerating carcinoma with obstruction was made. Gastro-intestinal series 
done here on admission showed a spastic esophagus in the lower end with some hesitation, 
but with no definite evidence of tumefaction. The 24-hour films showed 60 per cent 
residue in the stomach. Films also confirmed impression of previous films, namely, that 
a gastric carcinoma was present. 

Physical exaviinatiou. A pale-looking, thin male in no acute distress. No tumefac- 
tions noted anywhere. Abdominal examination negative. No Blummer’s shelf. Wasser- 
mann negative. 



Fig. 3. — Anaplastic carcinoma with diffuse infiltration. 


Laboratory data: 

Hemoglobin; 65 per cent (9.0S Gm.) 

RBC: 3,140,000 

WBC: 9,250 

Alb.: 3.66; globulin: 2.58 

NPN, sugar and chlorides within normal limits. 

Patient was placed on our usual high caloric, high protein, high vitamin diet and 
prepared for two weeks with blood transfusions and diet until his hemoglobin was 75 
per cent ; red blood count 3,800,000 ; hematocrit 47 per cent ; and he had gained weight. 
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pain for 8 months, loss of appetite for one week, loss of 28 lbs. in a year, weakness 4 to 5 
months. Patient stated that for the past 5 months he has had constant epigastric pain, 
occasionally relieved by the ingestion of food. He also stated that he was treated in 1943 
for a gastric ulcer, but at no time did he have roentgen-ray studies. 

Physical examination revealed a 64-year-old white male in no acute distress. 
Abdominal examination: Liver, spleen, and kidneys not palpable. There was definite 
tenderness in the epigastric region, but no tumefactions were noted. Rectal examination 
was essentially negative. 



Fig. 5. — Infiltrating adenocarcinoma. 


Roentgenograms: Fluoroscopic examination revealed a normal esophagus. The 
stomach was slightly large, modified fish-hook in type and low in position. Fluoroscopy 
and roentgen-ray films revealed a constant filling defect on the lesser curvature of the 
body of the stomach near the cardia. Peristalsis was normal ; emptying began immediately 
and the cap was normal. The 3-hour film showed the stomach to be empty. Impression 
was that of an advanced carcinoma of the stomach. 

Gastroscopic examination: The antrum and angulus were seen and showed no evidence 
of pathology. Peristalsis was very active. On the lesser curvature, in the body of the 
stomach, could be seen a large, ulcerating lesion, the edges of which were raised. The 
picture was typical of carcinoma of the stomach. 

Patient was admitted to the hospital November 2, 1945, for a gastric resection. 
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Laboratory data: 

Hemoglobin: 96% (13.S Gms.) 

RBC: 5,080,000 
WBC: 9,450 
Hematocrit 45% 

Gastric analysis was negative for HCl in all samples with faint trace 
of blood. 

Blood sugar 107 mg.%, NPN 43, Chlorides 435. 

Patient was prepared in the usual manner with transfusions and diet and on November 
ib 1945 ) a subtotal gastric resection was done. Two distinct areas of malignant degen- 
eration were noted; one in the bod}'- of the stomach near the cardia and the other in the 



Fig. 6 . — Anaplastic infiltrative carcinoma. 


antrum. Regional malignant lymphatic spread w'as noted along the course of the left and 
right gastric arteries necessitating almost complete resection of the stomach. 

Gross. Specimen from the stomach showed two distinct tumors. The larger one at 
the cardiac end measured 9 cms. in diameter. (3) There was central ulceration with 
irregular papillary proliferations in the periphery. The tumor was soft in consistency 
and reddish in coloration. The second lesion measured about 3 cms. in diameter. (4) 
It was papillary in type and reddish in coloration. Both tumors were found to infiltrate 
the gastric musculature. 
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Microscopic. (3) Sections show an infiltrating adenocarcinoma. (4) Sections show an 
anaplastic infiltrative carcinoma. 

Patient’s postoperative course was uneventful and he was discharged November 21st. 
Has been seen at 3-month intervals since then and a gastrointestinal series done March 
25th revealed no evidence of recurrence. Patient was last seen September, 1946, at which 
time he complained of symptoms typical of the dumping syndrome There was no intra- 
abdominal evidence of recurrent tumefaction. No evidence of obstruction. Rectal exam- 
ination was also negative A questionnaire reply, May, 1948, stated that patient had died 
of bronchopneumonia. 

Case 3. — J. R. K Patient was a 64-j ear-old white female, admitted in Januarjq 1943. 
She was a gravida 2 and had her menopause at 46. Had a bloody vaginal discharge one 



Fio 7 — Two lesions measuring 10 x 6 cm and 4 x 6 cm with invasion of 

the musculature 


year ago Pelvic examination revealed a badly lacerated cervix. Induration was present 
on the anterior lip Some erosion and ulceration in the canal Biopsy proved to be 
epithelioma of the cervix. Patient was then treated m the usual manner with radium 
and x-radiation therapy. Her gastro-intestinal history was negative on admission. Patient 
was seen at regular intervals and as far as the cervical carcinoma was concerned, there 
was no recurrence after treatment 

On July 31, 1946, during a routine hospital visit, patient stated that for the past 5 
weeks she had noticed a mass witli some tenderness in the lower mid-abdomen Had also 
complained of nausea and vomiting She had lost weight, but stated that her appetite had 
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been poor. There \Yas no pain in the epigastrium. No change in her bowel habits, no 
bloody or tarry stools. 

Physical examination revealed a freely movable mass just beneath the umbilicus. 
This mass Avas not attached to the uterus and was markedly tender on deep palpation. 

Sigmoidoscopic examination was negative for tumefaction. Patient had a gastro- 
intestinal series August 5, 1046. Fluoroscopic examination revealed that the esophagus 
was nonnal. the stomach was large, with a constant filling defect on the greater cun*ature 
in tlie body. The cap was normal. The six-hour film showed a small amount of residue. 
On the 24-hour film, the stomach was empty. Diagnosis of carcinoma of the body of the 
stomach, moderately advanced, with no evidence of obstruction, was made. Ciiest 
roentgenograms were negative. 



Fig. 8. Anaplastic carcinoma with marked infiltration of stomach wall. 


Patient was admitted to the hospital for gastric resection on August 9. 1946. 
Laboratory data: 


Hemoglobin Si % (11.6 Gm.) 

RBC: 4,280,000 

NPK 30; Glucose 107: Albumin 3.26 
Globulin 2.23 ; Chlorides 571 nig.% 

Urine negative, except for i plus albumin. 

^ Patient was prepared \rith diet and transfusions in the usual manner and on August 
-0. 1946, a subtotal gastric resection with a resection of the transverse colon was done. 
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Findings at operation were as follows: There was no liver metastasis, but there was con- 
siderable fixation of the tumor mass involving the lower third of the stomach and trans- 
verse portion of the colon. Several nodes were found in the great omentum 

Gross. Specimen from the stomach showed the presence of two separate lesions. The 
larger one measured lo x 6 cms.® The growth was fairly firm in consistency, white in 
coloration and showed ulceration. The smaller lesion measured 4x5 cms.® The tumor 
was soft in consistency and showed papillary projections. Both tumors invaded the 
muscular coats. 

Microscopic. ® ® Both tumors show carcinoma. The tumor cells are anaplastic 

and show marked infiltration of stomach wall. 





Fig. 9- — Anaplastic carcinoma with marked infiltration of stomach wall. 


Patient’s postoperative course was uneventful until about August 26, when she began 
to develop signs of obstruction. She was treated symptomatically and on September 10, 
an exploratory laparotomy was done. A walled-off abscess in the region of the duodenum 
was found. Drain was inserted. 

On September 12, patient suddenly went into coma and ceased breathing. Autopsy 
revealed congestion and edema of the lungs, peritonitis, cystitis and ulceration of the 
bladder, adenoma of thyroid and leiomyomatous polyp of cervix. 

Conclusion. We have presented three cases of multiple primary carcinomas of the 
stomach. At no time was it possible clinically, radiologically or gastroscopically to make 
the preoperative diagnosis as to the multiplicity of the tumefactions. 
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INTERNAL HERNIA REHIND THE JEJUNAL LOOP OF A 
POSTERIOR GASTRO-ENTEROSTOMY* 


Ferdinand F. McAllister, M.D. 
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FROM THE DEPARTMENT OF SURGERY. PRESBYTERIAN HOSPITAL AND COLUMBIA UNIVERSITY 
COLLEGE OF PHYSICIANS AND SURGEONS, NEW YORK, N. Y. 

An unusual type of internal hernia was recentl)' encountered on 
the Surgical Service of the Presbyterian Hospital, and since records of 
similar cases are rare in the American literature it is being reported in 
this paper. 


CASE REPORT 

F. V. Unit Number 644916. Chief Coinflaint. On February 29, 194S, a 48-year-olQ 
married German carpenter entered tlie hospital for the second time complaining of 
crampy, lower abdominal pain of 24 hours duration. 

Previous Admission. He was first admitted to the Presbyterian Hospital appro.xi- 
mately 7 years ago for treatment of a stenosing duodenal ulcer. He had suffered froir 
ulcer symptoms for over 12 years and had sustained 2 major complications, the first a 
gross hematemesis 3 years before admission and the second, a perforation with operative 
repair 2 j 4 years before admission. His symptoms were those of pyloric obstruction and a 
gastro-intestinal series revealed 80-90 per cent retention of the motor meal at 6 hours, 
with a crater in the distal portion of the duodenal bulb. For 3 weeks be was treated 
conservatively, but at the end of that time he still showed a 50 per cent 6 liour retention 
of the motor meal by roentgen-ray. In view of this coupled with the past history of botli 
hematemesis and perforation, a partial gastrectomy was done on July 18, 1941. The 
duodenum was found to be densely adherent to the liver and gallbladder. An ulcer was 
found on the posterior duodenal wall adherent to and penetrating into the pancreas. 
About three-fifths of the stomach and part of the first portion of the duodenum including 
the ulcer were removed. A posterior, retro-colic, Polj'a type of gastro-enterostomy was 
done with the afferent limb of the jejunum being approximated to the greater curvature 
side of the stump of the stomach. The postoperative course was marred by broncho- 
pneumonia followed by empyema which responded to thoracotomy drainage. The gastro- 
enterostomy functioned well from the start and 5 weeks after the initial operation, he 
was sent home on a regular diet. 

He was followed in the clinic until September 18, 1941, at which time he had no 
complaints, appeared well and was gaining weight. After this visit, the patient failed 
to return to the Surgical Follow-up Clinic. 

Present Illness. Following the above, the patient was apparently well for the ensuing 
7 years until 24 hours before admission when, one hour after breakfast, he noted the 
onset of severe crampy, knifelike, lower abdominal pain. This was followed by nausea 
and the vomiting of greenish-yellow fluid. The pain was relieved somewhat by sitting 
up and was made worse by lying down. During the next 24 hours, he vomited nearly 
all the food and liquid he attempted to eat or drink. He passed gas by rectum but had 
had no bowel movement in two days. There was no difficulty with micturition. His pain 

'* Submitted for publication June, 1948. 
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became increasingly severe and he visited his local doctor who gave him Morphine ,015 
Gm. and Atropine .0006 Gm. by liypodermic and referred hint to the Presbyterian 
Hospital where he arrived 2 hours later. 

Physical Examination. Examination revealed an uncomfortable but drowsy male 
sitting on the edge of the examining table. The pulse was 72, blood pressure 110/60, 
respirations 16 and temperature 98.0° per rectum. The skin and tongue showed some 
evidence of dehydration. The heart rate was slow with occasional extrasystoles and 
bigeminal rhytlim. The abdomen showed the scar of the previous operation and was 
silent. There was marked spasm of both rectus muscles, but this seemed to be largely 
voluntary and could be relaxed when the patient was distracted. There was some left 
lower quadrant tenderness and he stated that this was the most uncomfortable area. 
Rebound tenderness was referred to this area. No mass could be felt. On rectal exam- 
ination there was some fullness anteriorly above the prostate but there was no definite 
mass or tenderness. 

Laboratory Data. The white blood count was 8,600 with 72 per cent polymorpho- 
nuclear leukocytes and 28 per cent lymphocytes. The urine was negative. Four position 
films of the abdomen showed slight dilatation of tlie large bowel with gas descending 
to the level of the upper sigmoid but no gas beyond this point. There was no air under 
the diaphragm. 

Course. The most likely admitting diagnosis appeared to be incomplete large bowel 
obstruction probably at the level of the sigmoid. Because the picture was definitely 
clouded by morphia and because neither the vital signs nor the physical findings seemed 
to indicate immediate operation, it was decided to admit this man to the wards for 
observation. 

After arrival on the ward, the patient was proctoscoped to 18 cm., but no lesion was 
seen. The proctoscope could not be introduced beyond this point because of spasm. 
Following the instrumentation the patient vomited 300 cc. of fluid resembling bile. 

Subsequently, the patient’s symptoms abated somewhat, he dozed a great deal in a 
semi-sitting position and his physical findings varied. At times the abdomen was quite 
soft and non-tender. Occasionally the upper quadrants offered more resistance than the 
lower. He was placed on nothing by mouth, his stomach was lavaged, and he was given 
an infusion of 1500 cc. of 5 per cent dextrose in saline. Although his signs and 'Symptoms 
seemed somewhat diminished, his white blood count rose to 14,000 with 86 per cent 
polymorphonuclear leukocytes 6 hours after admission. 

On the following day, the attending doctor found the abdomen soft without distention 
or tenderness. The patient’s complaints now centered on a point somewhat higher and to 
the left at about the level of the umbilicus. Although he occasionally regurgitated an 
ounce or so of clear, watery, non-fecal smelling material, intestinal obstruction now 
seemed less likely. On the other hand, the picture suggested the presence of a penetrating 
marginal ulcer, so he was allowed milk and amphogel by mouth. 

During the day he behaved peculiarly in that he appeared to rest quietly or to 
doze in a semi-sitting position until examined by any of the staff. Then, as his bed was 
lowered, he would begin to moan and to complain bitterly of his pain. This suggested a 
strong functional element in the symptom complex and, indeed, on one occasion he 
promptly fell asleep after receiving a sterile hjrpodermic. Drug addiction was also 
suspected, but his wife denied any knowledge of this nor would the patient himself admit 
to any. It did not occur to us until later that the change in position incident to the 
abdominal examination might legitimately augment the symptoms due to the peculiar 
lesion present. 

Laboratory studies this day revealed a white count of 12,900; hematocrit 45,6 per 
cent; plasma proteins 6.7 per cent; CO2 29,8 mEq/I; Cl. 101.4 mEq/1; direct Na 137.4 
mEq/1 ; K 4.1 mEq/ 1 ; all blood chemistr}’- values being within normal limits. A repeat 
erect film of the abdomen showed some increase in the gas contained within the large 
bowel and the findings were again reported as consistent with low grade obstruction 
of the left colon. 
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Later that day and during the night the patient’s pain became more severe and steady 
and failed to respond to sedatives, milk or amphogel. A repeat upright film of the 
abdomen showed the same general appearance as before, but now there appeared, in 
addition, a fluid level in the stump of the stomach and some moderately dilated loops of 
small bowel. There was still no air under the diaphragm. He continued to vomit small 
amounts of clear fluid and the white count rose to 15,600 with go per cent polymorpho- 
nuclear leukocytes, but the pulse, temperature, respirations and blood pressure remained 
within normal limits. He died suddenly that night in considerable pain, 81 hours after 
the onset of his symptoms. 

Significant Post Mortem Findings. Autopsy showed a moderately distended abdomen 
which contained approximately 2000 cc. of blood-tinged fluid. The large bowel was two 
to three times the normal calibre with gas extending as far as the sigmoid where the 



Fig. I. — Diagrammatic sketch of the internal hernia found at 
autopsy. The entire small bowel from the mid jejunum to a point 
IS cm. from the ileocecal valve had passed behind the jejunal loop of 
the posterior gastro-enterostomy from right to left. With the transverse 
colon reflected upward, as pictured, the hernial ring is formed by the 
afferent jejunal limb anteriorly, the gastro-enterostomy and transverse 
mesocolon superiorly, the transverse mesocolon posteriorly and the 
ligament of Treitz inferiorly. 


lumen was uniformly constricted without any evidence of an actual organic lesion. The 
ascending and transverse colon and mesocolon — especially on the right near the hepatic 
flexure were the site of considerable edema and subserosal hemorrhage. This was found 
to be due to obstruction of the mesenteric veins. Almost the entire small bowel from 
mid jejunum to a point about 15 cm. proximal to the ileocecal valve was bluish purple 
in color with extensive edema and subserosal hemorrhage both in the bowel wall and in 

1196 



Volume 12S 
Number G 


INTERNAL HERNIA 


the mesentery. This entire segment of bowel was found to have passed behind the 
gastro-enterostomy loop from right to left through the space formed (with the transverse 
colon reflected upward) b}' the afferent jejunal limb anteriorly, the gastro-enterostomy 
and the transverse mesocolon superiorly, the transverse mesocolon posteriorly and the 
ligament of Treitz inferiorly (Fig. i). Although this bowel segment was occluded at its 
proximal and distal limits so that this, in effect, constituted a closed loop, the lumen was 
only slightly distended. The major disturbance seemed to be more one of venous disten- 
tion and hemorrhage as a result of occlusive stretching and compression of the root of 
the mesentery at the hernial ring. Here, the superior mesenteric vein was markedly 
constricted with great engorgement peripheral to this point. Fibrinous adhesions were 
present between almost all juxtaposed loops of small bowel. The afferent jejunal limb 
was somewhat stretched, reduced in calibre and blanched. Proximal to the ligament of 
Treitz, the duodenum was dilated approximately twice normal size. 

Microscopic sections through the involved areas showed extreme engorgement of all 
venous and capillary channels in all layers of the bowel wall. This was most prominent 
in the mucosa where every villus was swollen with congested capillaries. The submucosa 
was edematous and its veins were packed with red cells. The muscularis and serosa were 
similarly edematous and congested but to a lesser extent. There was no evidence of 
thrombosis or gangrene. 


COMMENT 

Although there was ample cause for ultimate death in this case, the rea- 
son for the sudden exodus is not clear. The extravasation of fluid and the 
extensive pooling of blood in the mesentery, together with stretching of tl e 
latter might possibly have resulted in vascular collapse. Since the heart 
during life was subject to abnormal rhythms, it is also conceivable that sud- 
den cardiac arrest could have occurred through reflex mechanisms second- 
ary to the above. 

This patient should have been operated on shortly after reaching the hos- 
pital, or, at the latest, by the time the pain recurred in increased intensity 
and the white count rose to 15,000. The staff was misled from the start 
by the fact that the patient arrived at the hospital heavily sedated with 
morphine. It serves to emphasize once again the danger of employing mor- 
phine in the presence of an acute abdomen before the diagnosis has been made. 

This case also illustrates a point which has been frequently brought out 
by others, namely, that in the presence of previous abdominal operations, 
the appearance of or increase in pain with the assumption of certain bodily 
positions is a warning sign which must not be ignored. If this is a per- 
sistent finding, it almost always indicates an intra-abdominal catastrophe. 

DISCUSSION 

This interesting complication of posterior gastro-enterostomy was first 
described by Peterson^ in 1900, and is sometimes known as Peterson’s hernia. 
In 1934, Himmelman^ collected 36 cases from the literature, and in 1938, 
Moiroud, Salmon and Bouillon,® mentioned six additional cases apparently 
not included in Himmelman’s series, plus one of their own. Since then, 
additional cases have been reported by Mayo, Stalker and Miller^ and by 
Suiffet® making a total of 45 cases at the present writing. In the English 
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language, four reports may be found"*’ ® in two of which®’ ® there are ex- 
cellent illustrations of the abdominal viscera as found at either operation or 
post mortem. 

In the vast majority of cases the presenting problem was one of small in- 
testinal obstruction. In only a few was the principal patholog}’, as in ours,' 
one of venous occlusion. In not all cases Avas there an acute incarceration 
or strangulation of the bowel, some cases presenting the picture of chronic 
low grade upper intestinal obstruction. In no case was the correct diag- 
nosis made beforehand. 

In 1934 Koch'*^ gave the mortality for this and other types of internal 
hernia about a gastro-enterostomy as approximately 50 per cent. Early 
operative intervention is clearly of paramount importance. 

Several authors-’ have suggested that, as a prophylactic measure, 

the afferent jejunal limb should be sutured to the transverse mesocolon in 
all posterior gastro-enterostomies. This measure is practical only if it can 
be done without angulating the afferent limb in any way that might inter- 
fere with its function. 


SUMMARY 

A case is presented and a brief discussion rendered of internal hernia 
behind a posterior gastro-enterostomy. "Vlhth the transverse colon reflected 
superiorly, the hernial ring is formed anteriorly by the afferent limb of the 
jejunum, superiorly by the gastro-enterostomy and the transverse meso- 
colon, posteriorly by the transverse mesocolon and inferiorly by the liga- 
ment of Treitz. 
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